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Preface 


The  impact  of  science  on  daily  life  empha- 
sizes the  need  for  an  organized  science  pro- 
gram throughout  the  elementary  grades.  A new 
subject  not  many  years  ago,  science  now  occu- 
pies an  increasingly  important  place  in  the 
curriculum.  Experienced  teachers  have  discov- 
ered that  science  is  not  mysterious.  It  is  no  more 
difficult  to  teach  than  other  subjects  long  taught 
in  the  elementary  school.  In  fact,  the  child’s 
natural  curiosity  about  the  world  in  which  he 
lives  makes  science  teaching  easy.  Motivation 
is  never  lacking  in  a properly  conducted  science 
class. 

Yet  many  teachers,  untrained  in  science,  are 
fearful  of  science  teaching.  They  suspect  (often 
rightly)  that  pupils  know  more  about  science 
than  teachers  do.  And  they  tremble  at  the 
thought  of  being  asked  a question  that  they 
cannot  answer.  These  teachers  lack  confidence 
because  they  lack  training  in  science.  The  pur- 
pose of  this  Guidebook  therefore,  is  to  provide 
in-service  training  in  science  teaching.  It  is  de- 
signed to  help  the  inexperienced  teacher  learn 
as  she  teaches.  Although  intended  primarily 
for  teachers  who  lack  the  background  and  ex- 
perience required  for  effective  science  teaching, 
the  Guideboo\  also  provides  much  information 


that  will  be  useful  for  experienced  science 
teachers. 

Part  One  of  the  Guideboo\  discusses  the 
philosophy  of  education  and  the  technique  of 
teaching  used  throughout  the  Discovering  Our 
World  series.  It  is  divided  into  three  main 
sections.  The  first  section  takes  up  the  objec- 
tives of  science  teaching.  The  second  covers  the 
conditions  of  effective  learning,  the  teaching 
cycle,  and  the  organization  of  the  series.  The 
third  deals  with  general  methods  for  teaching 
science  effectively.  Part  Two  gives  specific  sug- 
gestions for  teaching  each  unit  in  the  pupil’s 
book.  Part  Three  is  a book  list.  Part  Four  gives 
information  about  the  care  of  animals  and 
plants  in  the  classroom,  materials  needed  for  the 
experiments  and  observations,  and  visual  aids. 

The  usefulness  of  the  Guideboo\  will  be  ap- 
parent to  teachers  acquainted  with  the  books 
that  precede  or  follow  Discovering  Our  World 
in  the  Basic  Studies  in  Science  program.  The 
suggestions  have  come  from  years  of  experience 
of  the  authors,  their  colleagues,  and  the  teachers 
who  kindly  helped  in  shaping  the  book.  The 
authors  will  be  glad  to  receive  additional  sug- 
gestions for  making  this  Guidebook  a more 
effective  teaching  aid. 
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Part  One  philosophy  and  technique 


Why  Teach  Science? 


Instruction  that  does  not  transfer  over  to  life, 
providing  a guide  for  behavior  in  the  situations 
that  arise,  does  not  function.  Therefore,  the 
task  of  the  teacher  of  science  or  of  any  subject 
is  to  determine  what  modifications  of  behavior 
can  be  brought  about  by  that  subject.  A boy  or 
girl  who  has  studied  science  should  be  a differ- 
ent individual  from  the  one  who  has  not 
studied  science. 

The  problem  that  every  teacher  of  science 
must  solve  is:  How  can  I so  teach  science  that 
it  will  function  as  a way  of  living,  as  a mode 
of  interpreting  the  world  in  which  we  live,  as 
a way  of  reacting  to  our  environment?  Science 
so  conceived  is  not  simply  a collection  of  facts 
about  the  various  forces,  materials,  and  phe- 
nomena of  nature;  it  is  a method  of  behavior. 

If  we  analyze  the  ways  in  which  a study  of 
science  will  contribute  to  desirable  modifica- 
tions of  behavior,  we  find  five  ways  in  which 
modification  can  be  brought  about. 

1.  The  first  way  of  modifying  behavior 
through  science  is  by  developing  a genuine  in- 
terest in  the  world  of  nature  and  a desire  to 
\now  more  about  it.  A prerequisite  to  this  in- 
terest is  a rich  background  of  experiences  with 
the  forces,  materials,  phenomena,  and  living 
things  that  make  up  the  world  in  which  we 
live.  In  this  series,  the  authors  have  provided 
this  rich  background  of  experiences.  They  have 
also  suggested  activities  that  the  child  can  carry 
on  to  discover  more  about  the  world  in  which 
he  lives.  A person  who  has  acquired  this  inter- 
est has  a never-ending  source  of  satisfaction. 

2.  The  second  way  in  which  the  study  of 
science  can  modify  behavior  is  through  an  un- 
derstanding of  the  forces,  phenomena,  proc- 
esses, materials,  and  living  things  that  interact 
to  produce  the  world  in  which  we  live.  Learn- 
ing is  essentially  a process  of  acquiring  mean- 


ings. When  a thing,  situation,  or  event  has 
acquired  meaning,  it  is  understood.  Perhaps  the 
best  statement  of  this  idea  has  been  given  by 
Dewey:  “To  grasp  the  meaning  of  a thing,  an 
event,  or  a situation  is  to  see  it  in  its  relations 
to  other  things,  to  note  how  it  operates  or 
functions,  what  consequences  follow  from  it, 
what  causes  it,  and  to  what  uses  it  can  be  put.” 
Thus,  one  problem  of  the  science  teacher  is  to 
discover  how  the  child  acquires  meanings. 

A major  type  of  learning  in  science  is  the 
acquisition  of  general  concepts.  Such  general 
concepts  cast  a flood  of  meaning  over  the  forces, 
phenomena,  and  materials  of  the  environment 
with  which  the  child  comes  in  contact.  Let  us 
take  an  example.  To  identify  a thing  as  a mem- 
ber of  a certain  group  is  to  explain  it,  or  to  give 
it  meaning.  If  we  say  that  a thing  is  a “living 
thing,”  you  know  in  general  what  kind  of 
thing  it  is.  You  know  that  it  carries  on  certain 
processes  and  activities.  You  know  all  this  be- 
cause you  have  acquired  a general  concept  of 
what  a living  thing  is.  By  means  of  such  con- 
cepts, you  are  able  to  generalize,  to  carry  over 
meaning  from  one  situation  to  another. 

In  the  teaching  of  science,  we  need  to  keep 
in  mind  the  development  of  general  concepts 
— concepts  that  may  transfer  to  other  situations 
and  serve  as  a method  of  interpretation  and 
explanation  for  particular  things,  events,  and 
situations. 

If  you  have  studied  science,  you  know  that 
science  generalizations  are  often  stated  as  prin- 
ciples. For  example,  “Solids  expand  when 
heated  and  contract  when  cooled”  is  a statement 
of  a principle.  The  principle  tells  you  what  hap- 
pens when  a certain  condition  is  present.  If  you 
heat  a solid  (the  condition),  it  will  expand  (the 
effect).  A principle,  therefore,  is  a statement 
of  the  relation  between  conditions  and  effects. 
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Since  these  principles  are  general  in  their 
operation,  they  interpret  behavior  and  supply 
a guide  for  it  in  many  situations.  For  example, 
consider  the  idea  of  gravitation.  A baby  takes  a 
long  time  to  discover  the  force  of  gravity. 
Through  experience,  he  finally  discovers  that 
an  object  will  fall  unless  there  is  some  support 
beneath  it.  Then  he  may  take  great  delight  in 
dropping  objects  just  to  see  if  what  happens 
will  meet  with  his  expectations.  Finally,  he 
generalizes  and  arrives  at  the  conclusion  that  all 
objects  must  be  held  up  by  something,  or  they 
will  fall.  He  has  now  acquired  a method  of 
behavior  that  enables  him  to  deal  successfully 
with  situations  in  which  the  force  of  gravity 
is  operating. 

This  example  shows  that  a principle  of  sci- 
ence is  not  simply  a collection  of  words  to  be 
memorized;  it  is  the  basis  for  a method  of 
behavior.  A person  who  understands  a prin- 
ciple behaves  differently  from  one  who  does 
not.  He  has  a basis  for  explaining  what  he  sees; 
that  is,  he  can  tell  why  something  happens 
because  he  knows  the  conditions  that  are  neces- 
sary to  produce  the  effect  which  he  observes. 
He  can  predict  what  will  happen  because  he 
knows  that  certain  conditions  are  followed 
by  certain  effects.  He  can  bring  about  desired 
results  because  he  knows  the  conditions  neces- 
sary to  bring  them  about.  A person  who  under- 
stands a principle  thus  has  the  necessary  basis 
for  planning  practical  activities. 

3.  The  third  way  in  which  modification  of 
behavior  may  be  obtained  through  science  is 
by  developing  the  scientific  attitude.  There  are 
hundreds  of  superstitions  fastened  in  the  mind 
of  the  human  race.  Most  of  us  are  acquainted 
with  people  who  firmly  believe  that  breaking  a 
mirror  or  walking  under  a ladder  is  a har- 
binger of  bad  luck.  Probably  none  of  these 
superstitions  taken  singly  would  seriously  affect 
the  life  of  any  individual.  Nevertheless,  such 
beliefs  are  symptomatic  of  a condition  that  is 
very  serious,  namely,  the  lack  of  understanding 
of  a most  important  contribution  of  science: 
a conviction  of  the  universality  of  cause  and 
effect. 


A person  who  has  the  idea  of  cause  and  effect 
is  entirely  different  from  one  who  lacks  this 
understanding.  If  he  has  this  idea,  he  cannot 
possibly  believe  in  superstitions,  palmistry,  or 
fortune  telling  by  cards  or  tea  leaves.  All  of 
these  false  notions  fall  down  when  examined 
in  terms  of  a possible  causal  relationship. 

This  conviction  of  the  universality  of  cause 
and  effect  is  part  of  what  is  known  as  the 
scientific  attitude.  The  holding  of  one’s  view- 
point as  tentative  until  all  the  evidence  is  ex- 
amined, the  spirit  of  inquiry,  and  the  habit  of 
looking  for  problems  to  solve  are  also  parts  of 
the  scientific  attitude.  A person  in  whom  the 
scientific  attitude  has  been  developed  has  a dis- 
tinct method  of  reacting  to  his  environment — 
a method  totally  different  from  that  of  the  per- 
son with  no  sense  of  scientific  values. 

Every  available  opportunity  should  be  used 
to  help  children  acquire  the  scientific  attitude. 
Toward  that  end,  they  should  be  encouraged 
to  become  more  observing,  to  look  at  a problem 
from  every  side  before  they  express  an  opinion, 
to  experiment  carefully  and  accurately,  to  de- 
mand reliable  sources  of  information,  to  with- 
hold judgment  until  there  is  sufficient  evidence 
to  permit  the  drawing  of  conclusions,  and  to 
react  intelligently  to  superstitious  beliefs. 

Children  are  vitally  interested  in  science.  As 
a result,  they  will  ask  many  questions.  This  is 
a valuable  part  of  the  scientific  attitude  for  both 
children  and  teacher.  The  teacher  should  not 
feel  embarrassed  if  she  does  not  know  the 
answers  to  all  of  these  questions.  No  scientist 
knows  the  answers  to  all  the  questions  asked 
him.  Any  teacher  of  science  will  sometimes 
need  to  say  to  her  pupils,  “I  do  not  know  the 
answer,  but  I will  be  glad  to  help  you  find 
out.”  In  fact,  when  the  teacher  knows  the 
answer,  she  should  not  always  tell  it,  especially 
if  the  question  relates  to  something  of  basic 
importance.  Rather,  the  teacher  should  help 
the  children  find  the  answer. 

With  such  an  attitude,  the  children  and  the 
teacher  may  solve  cooperatively  problems  of 
mutual  interest.  A spirit  of  working  together 
is  most  highly  to  be  desired.  The  conclusions 
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then  seem  doubly  important,  for  the  method  of 
solving  problems  is  no  less  important  than  the 
results  obtained.  Stimulate  the  pupils  to  do  as 
much  observing  as  possible.  Let  them  examine 
things  and  arrive  at  their  own  conclusions.  Try 
always  to  draw  on  their  previous  experience 
and  on  their  observations  made  outside  of  the 
classroom. 

4.  The  fourth  way  of  modifying  behavior  is 
by  training  in  the  scientific  method  of  thinking. 
The  science  class  is  the  place  par  excellence 
for  training  pupils  to  become  better  thinkers. 
This  is  true  because  the  generalizations  of 
science  are  themselves  the  product  of  reflective 
thinking.  It  is  possible  in  the  science  class  to 
retrace,  at  least  in  part,  the  thinking  through 
which  the  generalizations  were  reached.  By 
using  the  experimental  method  of  attack,  we 


can  set  up  situations  where  certain  conditions 
are  present  and  observe  the  effects  produced. 
In  the  science  class,  pupils  can  make  their  own 
observations,  draw  their  own  inferences,  and 
check  the  accuracy  of  their  own  conclusions. 

5.  The  fifth  way  of  modifying  behavior  is 
by  developing  skills  such  as  making  observa- 
tions, doing  experiments,  interpreting  pictures 
and  diagrams,  reading  science  content  with  un- 
derstanding, reading  source  materials,  and 
using  the  instruments  of  scientists.  The  Basic 
Studies  in  Science  program  includes  a wide 
range  of  activities  that  are  basic  to  the  study  of 
science.  These  are  graded  in  difficulty  so  that 
each  book  in  the  program  makes  use  of  skills 
taught  in  earlier  grades  and  then  carries  them 
on  to  higher  levels  of  understanding  and  in- 
creased ability  in  their  use. 


Learning  and  Science  Teaching 


Conditions  for  effective  learning 

Methods  of  teaching  must  necessarily  be 
based  on  the  findings  of  psychology  that 
deal  with  the  learning  process.  These  findings 
may  be  thought  of  as  principles  of  learning 
that  show  the  teacher  what  she  must  do  to 
provide  the  conditions  for  effective  learning. 
A brief  statement  of  these  principles  and  their 
application  to  methods  of  teaching  science 
follows. 

1.  Learning  is  most  lively  to  occur  when  a 
child  has  a defnite  purpose  to  accomplish.  In- 
struction in  science  should  be  focused  on  a 
functional  understanding  of  the  generalizations 
of  science  that  make  the  world  meaningful. 
Somehow  or  other,  we  must  make  the  acquisi- 
tion of  this  understanding  important  to  the 
child.  It  must  meet  some  need  that  he  has. 
Its  acquisition  must  result  in  some  satisfaction 
to  the  child.  In  other  words,  the  understanding 
must  solve  some  problem  that  he  wants  to  solve, 
answer  questions  that  he  wants  answered,  or 


show  him  how  to  do  something  that  he  wants 
to  do. 

Application  of  this  principle  of  learning  must 
be  made  when  starting  a new  unit  or  a new 
problem.  It  is  a matter  of  setting  the  stage  for 
learning.  There  are  various  ways  of  doing  this. 
See  pages  12-14  of  this  Guideboo\. 

2.  Activities  must  be  set  up  that  produce 
some  active  response  by  the  child.  In  science, 
we  are  concerned  with  certain  understandings. 
We  are  trying  to  teach  certain  concepts  that 
will  help  the  child  in  his  adjustment  to  the 
world  in  which  he  lives.  Now  a person  cannot 
just  learn  an  understanding.  An  understanding 
is  obtained  only  when  he  does  some  thinking. 
Furthermore,  if  he  acquires  an  understanding, 
it  must  be  a product  of  his  own  thinking.  We 
are  all  familiar  with  the  saying,  “We  can’t 
learn  pupils,  we  can  only  teach  them.”  In  other 
words,  as  teachers,  our  task  is  to  set  up  a learn- 
ing situation  in  which  pupils  carry  on  certain 
activities  focused  on  the  understanding.  The 
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pupil  learns  as  he  carries  out  the  activities.  The 
understanding  that  results  is  the  pupil’s.  It  is 
a product  of  his  own  activity.  What  the  pupil 
does,  therefore,  determines  what  learning,  if 
any,  will  occur.  In  general,  the  more  active  the 
participation  of  the  pupil  in  deciding  what 
should  be  done,  the  more  purposeful  the  ac- 
tivity will  be  and,  therefore,  the  more  likely  it 
will  result  in  the  desired  learning  product.  The 
types  of  activities  will  vary  with  the  learning 
product  to  be  attained  and  with  the  kinds  of 
materials  available  in  the  classroom. 

This  Guidebook  is  concerned  primarily  with 
the  more  effective  use  of  the  textbook.  Sugges- 
tions for  setting  up  desirable  activities  using 
text  materials  with  different  types  of  organiza- 
tions will  be  found  on  pages  14-16  of  this 
Guideboo\.  There  are  also  many  suggestions 
for  doing  experiments,  taking  field  trips,  etc. 
These  suggestions  will  be  found  for  the  most 
part  on  pages  13-16  of  this  Guideboo\.  A dis- 
cussion of  “Using  the  pictures  in  the  book” 
will  be  found  on  pages  17-18. 

3.  Learning,  to  be  effective,  must  be  based 
on  the  experiences  that  the  child  has  had  or  is 
having.  This  implies  that  new  concepts  must 
be  based  on  an  adequate  background  of  first- 
hand experiences.  The  more  closely  related  the 
first-hand  experiences  of  children  are  to  the 
concept  that  is  being  developed,  the  more  mean- 
ingful the  concept  will  be.  This  principle  is 
especially  important  in  starting  new  units  or 
new  problems.  Suggestions  for  its  application 
are  given  on  pages  12-14  of  this  Guideboo\. 

4.  The  learning  activities  must  be  adapted 
to  the  individual  needs  of  the  child.  This  means 
that  a wide  variety  of  activities  should  be  car- 
ried on.  Different  activities  attack  concepts  from 
different  angles  and  thus  obtain  greater  depth 
of  meaning.  Furthermore,  some  methods  of 
development  are  more  effective  than  others  for 
different  children.  Reading,  doing  experiments, 
making  observations,  interpreting  pictures, 
planning  ways  of  finding  out  things,  etc.,  call 
for  different  types  of  thinking.  A many-angled 
approach  is  most  likely  to  provide  activities 
that  are  appropriate  for  children  with  different 


interests  and  abilities.  Suggestions  for  different 
types  of  activities  are  included  on  pages  12-19 
of  the  Guidebook  and  also  in  the  procedures 
suggested  for  each  unit. 

5.  Learning,  to  be  retained , must  be  used. 
This  principle  has  two  implications.  In  the  first 
place,  it  implies  that  activities  must  be  set  up 
which  require  the  pupil  to  use  the  concept  as  a 
basis  for  explaining  things  around  him  and  as 
a guide  for  practical  activities.  Only  through 
use  does  the  child  acquire  an  understanding 
and  the  ability  to  use  this  understanding  in  his 
daily  life.  The  more  closely  the  kind  of  activity 
set  up  is  related  to  the  kind  of  situation  that  is 
met  in  daily  life,  the  more  likely  it  is  that  the 
learning  will  transfer  to  daily  living. 

In  the  second  place,  the  principle  implies  the 
necessity  for  constant  use  of  the  concept  and  its 
reinterpretation  in  the  light  of  new  experiences. 
Old  concepts  must  be  constantly  related  to  new 
concepts  so  that  a continuous  reconstruction 
of  experience  can  take  place. 

In  the  pupil’s  book,  common  situations  in 
the  lives  of  children  are  used  to  introduce 
children  to  the  problems.  The  examples  apply- 
ing the  concepts  are  also  of  this  type.  In  this 
way,  the  concept  is  related  to  life  itself.  Ques- 
tions that  children  usually  raise  about  the 
concepts  are  raised.  Then  the  children  are 
shown  how  to  use  the  concepts  to  answer  these 
questions  or  to  do  other  things.  The  teacher 
should  know  what  kinds  of  questions  to  ask 
children.  Various  types  of  questions  will  be 
found  in  the  discussions  of  the  different  kinds 
of  activities  on  pages  12-19  of  th'e  Guideboo\. 

The  teaching  cycle 

The  teaching  cycle,  to  be  effective,  must 
parallel  the  method  of  thinking  to  be  used  in 
the  learning  cycle.  It  must  insure  that  the  child 
actually  follows  through  the  steps  in  thinking. 
This  is  done  by  setting  up  appropriate  activities 
in  each  step  of  the  cycle. 

The  principles  of  learning  may  be  made 
more  specific  by  showing  how  they  are  applied 
in  teaching  a generalization  of  science. 
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1.  T here  must  he  a stimulus  to  initiate  learn- 
ing. In  science,  the  stimulus  must  present  a 
problem,  because  an  understanding  is  obtained 
only  through  thinking.  To  present  a problem, 
the  situation  must  be  meaningful  to  the  learner; 
that  is,  it  must  be  connected  with  some  experi- 
ence he  has  had  or  is  having;  and  the  situation 
must  be  sufficiently  concrete  and  interesting  to 
challenge  the  pupil  to  find  a solution.  Solving 
the  problem  is  the  purpose  in  the  mind  of  the 
child.  Ways  of  raising  problems  in  the  minds 
of  pupils  are  discussed  under  “Starting  a new 
unit  or  problem,”  page  12  of  the  Guideboo\. 

2.  There  must  be  a period  of  assimilation  or 
experience  getting.  Pupils  are  sent  to  their  text- 
book and  other  books,  experiments  are  per- 
formed, field  trips  are  taken.  In  fact,  all  sources 
that  will  supply  needed  facts  and  experiences 
are  used.  This  period  will  always  culminate 
in  activities  that  require  the  pupils  to  gener- 
alize. Suggestions  for  using  the  book,  perform- 
ing experiments,  and  carrying  on  other  activi- 
ties are  included  on  pages  12-19  of  the  Guide- 
boo, \. 

When  a pupil  has  made  the  generalization, 
he  has  arrived  at  the  point  where  he  catches 
the  idea;  that  is,  he  sees  the  relationship  vaguely. 
If  left  at  this  point  (and  many  teachers  allow 
this  to  happen),  he  has  not  attained  real  learn- 
ing. Therefore,  the  next  step  is  extremely  im- 
portant. 

3.  The  generalization  must  be  made  mean- 
ingful. This  is  a period  of  teacher-pupil  activity 
in  which  the  teacher  tries  to  show  some  of  the 
applications  of  the  generalization:  (1)  how  to 
use  it,  (2)  where  it  is  used,  and  (3)  when  it  is 
used.  In  the  text,  applications  of  the  generaliza- 
tion follow  the  development  of  the  gener- 
alization. They  take  the  form  of  new  examples 
or  problematic  situations  that  are  solved  by  use 
of  the  generalization.  The  specific  suggestions 
for  each  unit  provide  additional  examples  to 
help  make  the  generalization  clear.  This  con- 
cludes the  part  of  the  teaching  cycle  in  which 
the  aim  is  to  get  across  the  understanding. 

4.  Practice  in  the  use  of  the  new  understand- 
ing must  be  provided.  The  pupil  must  be  pro- 


vided with  situations  in  which  he  uses  the 
generalization  for  predicting,  planning,  and  ex- 
plaining. Since  the  understanding  does  not 
function  unless  it  transfers  to  daily  life,  the  situ- 
ations must  be  common  in  the  environment  of 
the  child.  The  greater  the  number  of  these  situ- 
ations, the  more  likely  that  the  generalization 
will  be  functional  in  actual  life.  The  questions 
at  the  ends  of  problems  and  units  help  provide 
these  situations. 

As  a result  of  this  step,  the  pupil  arrives  at 
a point  of  functional  understanding.  He  can 
now  use  his  understanding  in  situations  appro- 
priate to  his  level  of  development.  In  other 
words,  he  has  arrived  at  a point  of  intelligent 
behavior.  This  method  of  developing  a func- 
tional understanding  is  the  method  of  thinking 
used  by  anyone  who  really  carries  on  a com- 
plete act  of  thought. 

Organization  of  this  series 

The  Discovering  Our  World  series  is  the 
result  of  a definite  demand  from  teachers  for 
a well-balanced,  organized  course  in  science, 
focused  on  acquiring  meanings  that  will  func- 
tion in  intelligent  living.  It  is  not  just  a collec- 
tion of  facts  about  bees,  butterflies,  and  beavers. 
Interesting  though  these  facts  may  be,  they  are 
not  sufficiently  general  in  their  meaning  to  pro- 
vide a basis  for  explaining  the  world  or  for 
solving  our  everyday  problems. 

In  this  series,  the  content  is  definitely  focused 
on  the  acquisition  of  general  meanings.  These 
general  meanings  are  developed  by  the  problem 
method  of  attack.  Problems,  or  questions,  arise 
from,  and  thinking  starts  with,  doubt  or  per- 
plexity. A person  has  something  to  do  or  some- 
thing that  he  wants  explained ; but  he  does  not 
know  what  to  do  or  how  he  can  explain  away 
his  perplexity.  This  starts  his  mind  searching 
for  a way  out  of  his  difficulty.  He  begins  to 
think.  In  general,  the  pattern  of  effective  think- 
ing is  as  follows: 

1.  Recognizing  the  problem  to  be  solved. 

2.  Recalling  experiences  that  may  help  to 
solve  the  problem. 
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3.  Searching  for  new  facts  that  may  bear  on 
the  problem. 

4.  Evaluating  the  suggestions  that  come  to 
mind  and  selecting  the  one  that  appears  most 
promising. 

5.  Testing  the  suggestion  for  its  truth. 

6.  Drawing  a conclusion  and  testing  the 
conclusion  for  its  truth  in  other  situations. 

If  study  materials  are  to  help  pupils  do  better 
thinking,  the  materials  must  be  organized  and 
the  ideas  developed  in  such  a manner  that  they 
follow  this  general  pattern  of  effective  thinking. 
For  this  reason,  the  problem  method  of  attack 
has  been  used  throughout  the  series. 

Each  unit  deals  with  a major  problem  in  the 
environment  of  the  child.  The  unit,  or  major 
problem,  is  then  broken  down  into  minor  prob- 
lems. The  solution  of  each  minor  problem  is 
essential  to,  and  leads  toward,  the  solution  of 
the  major  problem  of  the  unit.  A glance  at  a 
unit  and  its  subdivisions  in  the  table  of  Con- 
tents (pages  3-5  of  the  pupil’s  book)  will  show 
this.  The  child  is  confronted  with  a major  prob- 
lem. To  solve  this  problem,  he  must  think 
through  minor  problems.  As  he  acquires  an  un- 
derstanding of  the  generalizations  and  prin- 
ciples involved  in  each  minor  problem,  he  is 
building  up  an  understanding  of  the  major 
problem  of  the  unit. 


How  to  Use 


Fitting  the  boo\  to  local  conditions 

The  pupil’s  book  includes  enough  material 
for  those  schools  where  full  time  is  allowed  for 
science  as  an  established  part  of  the  curriculum. 
In  such  schools,  the  pupils  probably  will  cover 
all  of  the  units,  including  the  questions  and  ac- 
tivities suggested.  They  may  further  enrich  the 
science  course  by  doing  outside  reading  and 
engaging  in  additional  activities  according  to 
their  own  interests. 


Each  new  idea  in  Discovering  Our  World  is 
presented  in  such  a manner  that  it  becomes 
a problem  for  the  child  to  solve.  The  text  says 
to  the  young  learner,  “You  have  seen  this  hap- 
pen, or  you  have  had  that  happen  to  you.  Now 
let’s  see  if  we  can  find  out  why  it  happened. 
First  of  all,  just  what  did  happen,  and  what 
were  the  conditions  under  which  it  happened?” 
This  is  no  didactic,  passive  approach  to  learn- 
ing. It  is  a pupil-activity,  problem-solving  ap- 
proach: “Let’s  do  something  to  see  what  we 
can  find  out  in  answer  to  our  question.”  That 
is  the  spirit  and  the  method  of  presenting  and 
developing  new  ideas  in  the  Discovering  Our 
World  series. 

This  treatment  of  science  principles  leads  the 
child  inductively,  by  experiments  and  observa- 
tions, toward  the  acquisition  and  understand- 
ing of  the  principles.  At  every  step,  the  spirit 
of  problem  solving,  the  spirit  of  discovery,  is 
maintained.  The  organization,  pictures,  experi- 
ments, observations,  exercises,  and  activities  in 
the  books  of  this  series  are  focused  on  two  ob- 
jectives: (1)  the  development  of  meanings 
and  (2)  the  development  of  better  methods  of 
thinking.  This  focus  is  maintained  by  a teach- 
ing technique  based  on  problem  solving.  A 
child  cannot  memorize  his  way  through  these 
books;  he  must  thin\  his  way  through  them. 


This  Book 


In  many  school  systems,  science  is  introduced 
in  the  first  grade.  Children  will,  therefore,  have 
many  concepts  that  contribute  to  the  under- 
standing of  the  concepts  presented  in  the  text. 
To  assist  teachers  in  discovering  this  back- 
ground, the  authors  have  listed  at  the  beginning 
of  each  unit,  the  background  units  found  in  the 
earlier  books  of  the  Basic  Studies  in  Science 
program.  Reference  to  these  books  will  give 
teachers  an  idea  of  the  experiences  on  which 
they  can  build  the  new  concepts.  Teachers  are 
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urged  to  become  familiar  with  the  concepts 
taught  in  preceding  grades.  In  many  cases,  re- 
calling these  earlier  experiences  will  bring 
about  a decided  saving  in  time.  Furthermore,  it 
will  help  pupils  reinterpret  these  earlier  experi- 
ences in  the  light  of  the  more  comprehensive 
concepts  presented  in  the  later  grades. 

In  schools  where  time  is  limited,  it  may  be 
necessary  to  shorten  the  course  somewhat.  This 
can  best  be  done  by  covering  some  units  rapidly, 
without  stopping  for  detailed  development, 
while  others  may  be  more  carefully  developed 
with  all  the  suggested  activities  carried  out. 
However,  it  is  not  wise  to  omit  units  or  parts 
of  units.  A unit  that  is  unrelated  to  others 
within  a book  may  be  necessary  for  the  under- 
standing of  concepts  presented  in  later  books. 
For  example,  in  Book  One  the  unit  on  magnets 
(Unit  6)  is  not  related  to  other  units  of  Book 
One.  But  an  understanding  of  magnets  is  pre- 
supposed in  the  unit  on  energy  (Unit  2)  in 
Book  Two  and  in  the  unit  on  electric  current 
(Unit  5)  in  Book  Three.  The  section  “Science 
background”  in  Part  Two  of  the  Guideboo\ 
shows  the  interrelationships  of  the  units  in  the 
series.  The  series  has  been  carefully  planned  as 
part  of  an  organized  program  in  science  and 
is  most  satisfactorily  used  as  such. 

General  suggestions  for  teaching  the 
units 

Many  teachers  have  had  little  or  no  experi- 
ence in  teaching  science.  Yet  science  is  not 
difficult  to  teach.  First  of  all,  children  are  vitally 
interested  in  science.  This,  of  course,  means  that 
half  the  battle  is  won.  The  method  used  in 
teaching  science  is  not  greatly  different  from 
that  used  in  other  subjects  where  understand- 
ing of  certain  concepts  is  the  goal.  However, 
science  teaching  makes  greater  use  of  observa- 
tions, field  trips,  and  experiments  than  is  or- 
dinarily made  in  other  subjects.  The  science 
activities  in  the  middle  grades  are  very  simple. 
The  equipment  consists  of  easily  available  ma- 
terials. The  directions  given  in  the  text,  together 
with  pictures  that  show  the  materials  used  and 


how  they  are  put  together,  are  so  detailed  that 
a teacher  who  knows  little  or  nothing  about 
science  will  have  no  difficulty  in  doing  the  ex- 
periments or  carrying  out  the  other  activities. 

Needless  to  say,  the  ideal  learning  situation 
is  one  in  which  the  teacher  enlists  the  active 
cooperation  of  her  pupils  in  planning  and  car- 
rying out  the  activities  of  the  various  units.  The 
following  general  suggestions  will  be  helpful 
in  achieving  this  ideal  situation.  (Specific  sug- 
gestions will  be  found  in  Part  Two  of  the 
Guideboo\. , which  deals  with  individual  units.) 

1.  Interest  pupils  in  an  active  program  of 
observing  and  collecting  as  much  material  as 
possible  from  their  surroundings. 

2.  Encourage  boys  and  girls  to  suggest  addi- 
tional experiments,  field  trips,  and  observations. 

In  this  section  of  the  Guidebook  the  authors 
have  set  up  general  principles  for  using  the 
book  and  for  carrying  out  the  types  of  activities 
suggested  in  the  book.  These  general  principles 
should  be  applied  in  teaching  specific  units. 
Once  a teacher  understands  the  general  prin- 
ciples and  sees  how  they  are  applied  in  concrete 
situations,  she  will  soon  gain  skill  in  applying 
the  principles  in  new  lessons.  Of  course,  many 
teachers  do  not  need  a discussion  of  this  type. 
This  section  is  written  especially  for  those 
teachers  who  are  a little  uneasy  about  their 
ability  to  teach  science. 

Preparing  to  teach 

First  of  all,  the  teacher  must  have  clearly  in 
mind  the  science  generalization  that  she  is  try- 
ing to  teach.  She  can  use  the  list  of  concepts 
in  Part  Two  of  this  Guideboo\  to  find  out 
what  these  important  generalizations  are.  As 
she  uses  the  text,  she  must  learn  to  differen- 
tiate between  the  facts,  examples,  and  other 
assimilative  materials  and  the  generalization 
itself.  An  inexperienced  teacher  may  easily  fail 
to  do  this.  Therefore,  she  does  not  see  that  the 
text  is  focused  on  getting  across  a certain  con- 
cept. As  a result,  the  activities  set  up  in  the 
classroom  lack  focus  because  the  teacher  has 
none.  As  a first  step  in  preparing  to  teach, 

PHILOSOPHY  AND  TECHNIQUE  11 


therefore,  the  teacher  should  find  out  what  is 
the  big  idea,  understanding,  or  generalization 
that  she  is  supposed  to  get  across.  To  help  her 
see  what  the  general  concepts  are,  the  authors 
have  listed  them  at  the  beginning  of  each  unit. 
In  addition  to  this,  the  authors  have  listed  the 
concepts  for  each  subdivision,  or  problem,  of 
each  unit. 

With  her  Guideboo\  open  to  these  lists,  the 
teacher  should  read  through  the  unit  as  a whole 
and  again  through  each  problem  before  pre- 
senting it.  She  will  then  have  a clear  idea  of 
the  scope  of  the  unit  and  also  of  the  contribu- 
tion that  the  concepts  in  each  problem  make 
to  the  unit  as  a whole.  She  will  also  have  a 
clear  picture  of  the  relation  of  the  observations, 
experiments,  and  other  activities  to  the  devel- 
opment of  the  concepts.  She  will  be  able  to 
plan  ahead  for  time  and  materials  when  neces- 
sary. Specific  suggestions  for  planning  ahead 
will  be  found  in  the  sections  called  “Procedure” 
in  Part  Two  of  the  Guideboo\. 

During  the  initial  preparation  for  teaching 
the  unit,  the  teacher  should  also  look  ahead  to 
the  additional  activities  suggested  in  the 
“Things  to  Do”  sections  at  the  ends  of  the 
units.  Some  of  the  activities  are  related  to  the 
unit  as  a whole.  Others  pertain  to  certain  prob- 
lems and  are  referred  to  in  the  procedure  for 
the  problem.  Since  it  is  better  to  use  these 
activities  throughout  the  unit  rather  than  to 
wait  until  the  unit  has  been  completed,  the 
teacher  should  look  ahead  and  plan  for  the 
ones  that  she  can  use. 

Second,  the  teacher  must  find  out  what  expe- 
riences the  children  have  had  that  can  be  ex- 
plained by  the  concept.  By  questioning  the 
class,  the  teacher  should  be  able  to  discover 
just  how  far  the  pupils  have  advanced  toward 
an  understanding  of  the  concept.  However,  if 
they  have  had  no  appropriate  experiences,  the 
concept  cannot  be  taught  until  such  experiences 
have  been  acquired.  An  experiment,  observa- 
\ tion,  or  field  trip  will  often  provide  the  needed 
experiences. 

Because  of  the  limited  science  training  of 
many  elementary  teachers,  the  authors  have 


included  some  of  the  technical  science  back- 
ground behind  the  elementary  presentation  of 
the  text.  This  will  be  found  in  the  sections 
entitled  “Information  for  the  teacher”  in  Part- 
Two  of  the  Guideboo\.  Teachers  should  also 
consult  standard  high-school  texts  in  biology 
and  general  science.  These  will  give  the  de- 
sired information  without  going  into  needless 
technical  detail.  They  will  also  give  some  addi- 
tional background  as  a preparation  for  teaching 
the  unit. 

General  procedures 

Starting  a new  unit  or  problem 

The  first  teaching  situation  met  in  a new 
unit  or  problem  is  naturally  that  of  deciding 
how  to  get  started.  Shall  I have  the  pupils  read 
the  introductory  section  first  ? Shall  I raise  some 
questions  before  sending  them  to  the  book? 
If  so,  what  kinds  of  questions  shall  I ask? 
Shall  I start  with  a field  trip  or  a demonstra- 
tion? Shall  I tell  them  a story?  What  shall 
I do? 

As  pointed  out  earlier  in  this  Guideboo\, 
learning  begins  when  the  pupil  starts  to  think. 
His  thinking  starts  when  he  is  faced  with  a 
situation  in  which  he  is  not  certain  of  exactly 
what  to  do  or  when  something  happens  that 
he  does  not  understand  and  he  wonders 
“Why?”  or  “How?”  In  other  words,  thinking 
starts  with  a doubt  or  perplexity.  There  must, 
however,  be  more  than  a perplexity;  the  pupil 
must  also  want  to  do  something  about  it. 

All  of  this  means  that  the  pupil  must  have 
a question  before  he  will  begin  to  think  and 
that  he  must  want  to  answer  this  question. 
To  start  a new  unit  or  problem,  the  teacher 
must  be  certain  that  the  pupil  has  questions 
which  he  wants  answered.  He  may  want  to 
find  answers  to  his  question  because  he  sees 
their  use  value  or  because  they  provide  for  some 
definite  need  or  simply  because  his  interest  is 
challenged  and  he  wants  to  know.  Any  of  these 
reasons  are  equally  good  for  raising  questions. 
The  important  thing  is  to  be  certain  that  the 
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child  has  some  questions  which  he  wants 
answered. 

Questions  arise  when  a person  is  in  doubt. 
No  concrete  question  can  arise,  however,  un- 
less it  is  related  to  some  past  experience  or 
present  experience.  This  is  true  because  the 
meanings  that  we  have  are  the  results  of  our 
experiences.  Without  experiences  to  give  us 
meanings,  we  cannot  have  questions  because 
we  do  not  know  enough.  We  can  only  be  con- 
fused. We  cannot  put  our  finger  precisely  upon 
the  perplexity,  and  so  we  cannot  start  to  think. 
To  start  a new  unit  or  problem,  therefore,  the 
teacher  must  relate  the  unit  to  past  experiences 
of  the  pupils  or  to  experiences  that  they  are 
now  having.  These  experiences  must  lead  into 
questions  that  the  children  cannot  answer. 
Here  are  some  of  the  methods  in  which  a new 
unit  can  be  started.  (Most  of  these  methods 
can  also  be  used  to  start  new  problems  within 
the  unit.) 

1.  As\  questions  about  experiences  that  the 
pupils  have  had  which  may  be  related  to  the 
unit.  To  use  this  approach,  first  make  a list 
of  what  children  have  probably  seen,  heard 
about,  read  about,  or  done.  Then  ask  questions 

such  as:  “Did  you  ever  see ?”  “What  did  it 

look  like?”  “Have  you  ever  heard  about ?” 

“Did  you  ever  make  a ?”  “Did  you  ever 

watch  someone ?”  The  purpose  of  these 

questions  is  to  get  some  facts  from  the  pupils’ 
past  experiences.  The  questions  will  also  bring 
to  light  experiences  that  the  pupils  would  never 
voluntarily  recall  because  they  would  not  see 
the  relation  of  the  experiences  to  the  new  unit. 

Now  you  are  ready  to  raise  questions.  Ac- 
cordingly, ask  questions  about  the  “how”  and 
“why”  of  these  experiences.  “How  do  you  ex- 
plain this?”  “What  made  this  happen?”  “Why 

did  you  do in  this  way?”  Use  questions 

such  as  these  to  push  the  pupils  back  further 
and  further  until  you  come  to  explanations 
that  they  cannot  make.  Write  on  the  board 
questions  that  they  cannot  answer  under  the 
heading  Questions  We  Cannot  Answer. 

With  these  questions  in  mind,  the  children 
can  read  the  introductory  section  of  the  unit 


to  see  if  they  can  find  any  answers  to  their 
questions.  Often  the  introductory  section  raises 
new  questions.  If  the  children  cannot  answer 
them,  they  should  be  added  to  the  list  on  the 
board.  (Example:  Unit  4,  page  95.) 

2.  Compare  experiences  of  pupils  with  ex- 
periences presented  in  the  text.  The  introduc- 
tory sections  of  some  units  present  experiences 
that  are  used  to  raise  questions.  If  children  have 
had  similar  experiences,  ask  questions  about 
them.  Have  the  children  tell  how  they  did  a 
certain  thing  or  describe  something  they  have 
seen.  If  a series  of  steps  is  involved,  write  them 
on  the  board. 

Then  refer  children  to  the  book  and  say, 
“Here  is  a story  that  tells  you  how  someone 
else  did  this.”  Have  pupils  read  to  find  out 
what  was  done.  Tell  them  you  are  going  to 
ask  them  to  tell  the  class,  step  by  step,  what 
was  done.  Write  these  steps  on  the  board. 
Then  have  pupils  compare  these  steps  with  the 
steps  that  they  have  listed.  Then  ask  for  reasons 
for  the  various  steps.  This  should  result  in 
questions  that  the  pupils  cannot  answer.  (Ex- 
ample: Unit  1,  pages  9-10.) 

3.  Use  pictures  to  start  discussion  of  the  unit. 
Have  pupils  read  the  unit  title.  Then  ask  ques- 
tions about  pictures  in  the  unit  that  will  lead 
into  the  first  problem.  (Example:  Unit  2, 
pages  33-59.) 

4.  Have  pupils  read  the  unit  title.  Then  ask 
them  to  read  the  problem  titles  to  find  out 
what  kinds  of  questions  are  to  be  answered. 
Write  the  problem  titles  on  the  board  and  ask 
pupils  what  they  think  the  answer  to  each  one 
is.  This  procedure  will  help  create  interest  in 
the  unit  and  at  the  same  time  will  give  an  idea 
of  the  scope  of  the  unit;  it  may  be  used  with 
almost  any  unit.  (Example:  Unit  8,  pages 
215-232.) 

5.  Use  the  introductory  section  to  initiate 
activities  that  will  result  in  a question.  In  some 
of  the  units,  the  introductory  section  sets  up 
activities  that  will  raise  questions.  The  text  de- 
scribes how  a group  went  about  finding  an  an- 
swer to  a question.  First,  have  pupils  read  the 
unit  title.  Then  tell  them  that  the  introductory 
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section  tells  what  one  group  did  to  get  started. 
Have  them  read  the  section  to  find  out  what 
this  group  did.  Next,  ask  questions  about  what 
this  group  did.  Then  have  the  pupils  plan  how 
they  can  carry  on  the  same  activity.  After  the 
materials  have  been  brought  in,  raise  the  ques- 
tions to  be  answered  in  the  first  problem.  The 
pupils  should  now  be  asked  to  tell  what  they 
think  should  be  done  to  answer  the  question. 
Then  compare  this  solution  with  the  method 
suggested  in  the  text.  (Example:  Unit  1,  pages 
9-10.) 

6.  Do  some  experiments.  (These  can  be  ex- 
periments suggested  by  the  book  or  experi- 
ments not  in  the  book.  The  purpose  is  to  raise 
some  questions.)  A good  way  to  start  a unit 
is  to  get  some  facts  that  require  explanation. 
This  method  is  often  used  in  the  text.  Have 
the  pupils  read  the  unit  title.  Then  tell  them 
that  the  introductory  section  tells  how  to  do  an 
experiment  to  get  some  facts.  Ask  them  to  read 
the  section  to  find  out  how  to  do  the  experi- 
ment. Next,  have  the  children  tell  how  to  do 
the  experiment  or  have  some  member  of  the 
class  do  the  experiment.  Then  make  a list  of  the 
facts  brought  out  by  the  experiment.  Call  for 
explanations  of  these  facts.  Make  a list  of  ques- 
tions about  facts  that  cannot  be  explained. 
(Example:  Unit  9,  page  241.) 

7.  Ta\e  a field  trip  to  get  some  facts  to  ex- 
plain. Whenever  possible,  the  pupils  should  get 
facts  by  first-hand  observation.  Since  the  units 
in  this  book  are  related  to  common  environ- 
mental situations,  children  can  often  be  taken 
on  walks  or  trips  where  they  can  make  observa- 
tions and  thus  get  facts  that  call  for  explana- 
tion. To  find  out  what  to  observe  and  what 
kinds  of  questions  to  ask,  read  the  problems 
of  the  unit  and  note  the  pictures  and  their 
legends.  Then  take  a walk  yourself  to  find  out 
what  things  can  be  seen.  Make  a list  of  the 
things  and  the  questions  you  can  ask  about 
them.  (Example:  Unit  3,  pages  61-62.) 

Using  the  text  to  get  ideas  needed  to  answer 
questions 

In  general,  the  text  uses  three  methods  of 


organizing  the  study  material:  (1)  It  may  tell 
how  one  class  answered  the  question.  (2)  It 
may  answer  the  question  by  telling  the  pupils 
how  to  carry  on  certain  activities.  (3)  It  may 
answer  the  question  by  straight  exposition. 
The  method  of  using  the  text  will  necessarily 
vary  with  the  method  of  presentation  used  in 
the  text. 

1.  The  text  presents  a class  discussion.  In 
this  type  of  presentation,  the  text  presents  a 
running  account  of  a classroom  discussion.  This 
method  is  used  principally  in  the  opening  unit 
of  the  book  to  show  how  a science  class  might 
be  conducted.  The  teacher  asks  and  answers 
questions;  pupils  answer  questions  and  ask 
questions;  the  teacher  guides  the  discussion 
toward  an  understanding  of  the  concepts  that 
she  is  trying  to  get  across  by  her  questions  and 
her  follow-up  of  the  pupils’  answers.  This  type 
of  presentation  has  several  purposes. 

First,  it  presents  a pattern  for  carrying  on  a 
discussion  in  a science  class.  Teachers  who 
have  had  no  experience  in  teaching  science  will 
find  it  profitable  to  read  through  several  les- 
sons of  this  type  to  get  a better  idea  of  the 
kinds  of  questions  asked  by  the  teacher  to  keep 
the  discussion  going  and  the  ways  in  which 
the  pupils  are  brought  into  the  discussion. 
Note  that  the  pupils  are  asked  to  suggest  ways 
of  doing  things  and  that  these  ways  are  dis- 
cussed and  evaluated  by  the  pupils. 

Second,  the  children,  as  well  as  the  teacher, 
must  learn  to  participate  in  a classroom  dis- 
cussion. Unit  1,  Book  Three,  is  developed  largely 
by  this  method  so  that  pupils  may  be  intro- 
duced to  the  type  of  thinking  that  goes  on  in 
a science  class.  The  teacher  might  well  say, 
“The  class  described  in  our  text  is  carrying  on 
a discussion.  Let’s  see  how  they  do  this  so  that 
we’ll  learn  how  to  discuss,  too.” 

Third,  presentation  of  this  type  adds  interest 
to  the  text  because  children  are  interested  in 
what  other  children  do.  They  are  also  inter- 
ested in  carrying  on  the  types  of  activities  sug- 
gested in  the  text. 

Fourth,  this  type  of  presentation  permits  a 
slow  and  easy  development  of  the  concepts. 
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Each  step  in  the  development  of  the  concept 
is  included.  The  children  can  easily  follow  the 
thinking  of  the  class  and  see  how  the  class 
arrived  at  the  concept.  There  are  several  meth- 
ods of  using  this  type  of  material;  the  method 
to  be  used  depends  on  the  way  in  which  the 
material  is  developed  and  the  purpose. 

a)  The  purpose  is  to  initiate  an  activity  in 
the  class.  To  do  this,  the  text  describes  what 
one  class  did.  For  example,  let  us  suppose  that 
pupils  have  brought  various  kinds  of  things 
to  school.  The  teacher  raises  a question,  “How 
can  we  find  out  more  about  these  things?  Let 
us  see  what  the  class  in  our  text  did.”  After 
the  pupils  have  read  the  text  to  find  out  what 
the  class  did,  the  teacher  asks  questions  such 
as:  “What  was  the  class  trying  to  find  out?” 
“What  did  they  do  to  answer  the  question?” 
“Why  did  they  decide  to  do  this?”  “Could  we 
do  this?”  “How  could  we  do  this?” 

As  can  be  seen  from  the  questions,  the  major 
purpose  is  to  show  the  pupils  what  they  can  do. 
The  suggested  activity  should  be  carried  on 
whenever  possible.  While  it  may  be  possible 
to  get  an  understanding  merely  by  reading  and 
discussing  the  text,  there  is  no  substitute  for 
actual  experience.  Note  that  the  questions  asked 
by  the  teacher  call  for  more  than  repeating 
what  the  text  says.  They  raise  questions  about 
the  “how”  and  the  “why”  of  the  activity.  (Ex- 
ample: Unit  1,  pages  24-29.) 

b)  Sometimes  it  is  better  to  raise  a question 
and  either  suggest  or  have  the  pupils  suggest 
what  they  might  do  to  answer  it.  Then  have 
the  pupils  go  as  far  as  they  can  in  answering 
the  question.  The  children  can  then  be  referred 
to  the  text  to  find  out  if  the  class  described 
answered  the  question  in  the  same  way  or  in  a 
different  way.  Then  have  the  children  find  the 
ways  in  which  their  answer  was  like  or  differ- 
ent from  what  the  class  in  the  text  found. 
(Example:  Unit  1,  pages  9-10.) 

c ) As  a rule,  pictures  are  included  that 
show  how  the  class  described  carried  on  the 
activity  or  that  show  the  finished  product  of 
their  activity.  The  teacher  asks  questions  such 
as:  “What  is  the  class  doing?”  “Why  are  they 


doing  this?”  “Can  we  do  this?”  “How  did  they 
do  this?”  before  the  pupils  read  the  text.  Re- 
discussion of  the  pictures  on  the  basis  of  what 
the  pupils  find  out  can  follow.  (Example : Unit 
1,  pages  10-12.) 

2.  The  concepts  are  developed  by  raising 
questions  and  answering  these  questions  by 
making  observations  and  doing  experiments. 
Science  differs  from  the  other  subjects  studied 
in  the  elementary  school  in  that  the  questions 
which  arise  can  be  answered  by  observation 
and  experiment.  Through  the  use  of  these  two 
activities,  the  pupils  can  get  first-hand  informa- 
tion. They  can  then  base  their  thinking  on  facts 
that  are  meaningful  to  them.  Throughout  this 
book,  experiments  and  observations  have  been 
introduced  wherever  possible.  This  has  been 
done  for  two  reasons:  (1)  because  all  learning 
focused  on  understanding  must  be  based  on  a 
background  of  perceptual  experiences,  that  is, 
on  information  that  the  pupil  can  get  with  his 
own  senses;  and  (2)  because  pupils  should  ac- 
quire the  attitude,  “If  we  have  questions  or 
want  to  find  out  about  something,  we  can  do 
experiments  (or  make  observations)  that  will 
answer  our  questions.” 

Experiments  and  observations  are  intro- 
duced in  this  book  to  provide  facts  that  are 
needed  to  answer  some  questions.  A statement 
in  the  text  is  made  more  meaningful  by  doing 
an  experiment  or  making  an  observation.  Or 
the  experiment  is  done  or  the  observation  made 
to  answer  a question  that  has  been  raised  in 
the  text  just  preceding  the  experiment. 

Before  the  text  is  read,  the  teacher  should 
(1)  raise  questions  about  past  experiences  of 
pupils  such  as  were  suggested  in  the  section 
dealing  with  starting  a new  unit  and  (2)  raise 
the  question  that  the  experiment  or  observation 
is  to  answer.  Then  ask  the  children,  “How 
can  we  do  an  experiment  to  find  out?”  (It  is 
always  good  practice  to  have  children  suggest 
possible  ways  of  doing  an  experiment.  Many 
of  them  may  be  good  enough  to  try.) 

Now  that  the  question  is  raised,  the  chil- 
dren can  be  referred  to  the  book  for  directions. 
The  teacher  can  say,  “Our  book  tells  us  how 
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to  do  an  experiment  to  answer  our  question. 
After  you  read  the  directions,  I am  going  to 
ask  you  to  decide  what  to  do.”  Write  What  to 
do  on  the  board  and  then  have  the  children 
tell  what  directions  to  write. 

Make  the  directions  as  brief  as  possible.  If 
a simple  diagram  can  be  made,  have  pupils 
tell  how  to  make  the  drawing.  If  they  do  not 
know,  show  them.  This  is  valuable  because 
pupils  have  to  learn  how  to  interpret  diagrams. 
Practice  in  making  diagrams  will  help  them 
learn  how  to  interpret  diagrams. 

Now  ask  the  pupils  what  they  think  will 
happen.  Get  them  to  predict.  This  is  effective 
because  (1)  you  can  ascertain  from  their  an- 
swers whether  or  not  they  understand  what  is 
going  to  be  done;  (2)  you  can  see  if  they  know 
what  to  look  for;  (3)  you  can  make  them  com- 
mit themselves  and  make  them  interested  in 
seeing  whether  they  are  right  or  wrong. 

Next,  get  them  to  understand  what  the  ex- 
periment will  show  if  a certain  thing  happens 
when  the  experiment  is  performed.  Ask  them, 

“If happens,  what  will  this  show?”  Then 

do  the  experiment.  Write  on  the  board  What 
happens.  Have  the  children  decide  what  to 
write.  Then  raise  the  question,  “What  does 
this  seem  to  show?”  Write  What  the  experi- 
ment shows  on  the  board.  Have  the  children 
tell  what  to  write. 

Whenever  possible,  the  step  of  verification 
should  be  used.  Ask,  “Is  there  any  experiment 
we  can  do  to  prove  that  we  are  right?”  In  many 
cases,  such  an  experiment  is  included  in  the 
text.  If  this  is  the  case,  have  the  children  read 
the  experiment  and  record  the  results  under  the 
steps  already  listed.  Then  have  the  children 
work  out  a conclusion.  The  conclusion  should 
answer  the  question  and  give  reasons  for  the 
answer. 

After  all  of  the  experiments  have  been  per- 
formed, raise  the  questions,  “What  facts  do  our 
experiments  give  us  that  we  can  use  to  answer 
our  question?”  “What  facts  does  the  book  give 
us?”  The  facts  from  both  sources  should  be 
incorporated  into  the  answer  for  the  problem. 
(Example:  Unit  1,  pages  15-17.) 


3.  Concepts  are  developed  by  raising  ques- 
tions and  answering  these  questions  through 
presentation  of  reading  material  of  a descrip- 
tive nature.  Whenever  possible,  experiments 
and  observations  are  used  to  develop  the  science 
concepts.  Sometimes,  however,  it  is  impossible 
to  provide  experiments  that  are  sufficiently  sim- 
ple to  be  carried  on  by  middle-grade  children 
or  that  do  not  require  laboratory  facilities 
beyond  the  resources  of  the  elementary  school. 
It  is  equally  impossible  to  provide  for  actual 
observation  of  all  living  things  in  their  natural 
habitats.  Accordingly,  the  text  must  provide 
factual  material  based  on  the  observations  of 
scientists.  It  should  be  emphasized  that  the  facts 
have  been  acquired  by  experimentation  and 
observation.  This  point  of  view  can  be  devel- 
oped by  asking  such  questions  as  “How  do 
you  suppose  that  scientists  found  out  about 
this?”  “What  might  we  do  to  prove  this?” 
“Why  can  we  believe  that  this  is  true?” 

The  method  of  developing  the  concept,  of 
course,  depends  on  the  kinds  of  concepts  that 
are  being  developed.  For  example,  if  the  con- 
tent is  focused  on  showing  the  children  how 
some  device  works,  the  development  will  be 
somewhat  as  follows:  (1)  what  the  device  does, 
(2)  how  it  is  put  together,  (3)  how  it  is  made 
to  work,  and  (4)  an  explanation  of  what  hap- 
pens when  the  device  is  operated.  If  the  content 
is  focused  on  the  development  of  the  charac- 
teristics of  a group  of  living  things,  materials, 
etc.,  various  members  of  the  group  are  de- 
scribed; and  then  the  characteristics  common 
to  all  members  of  the  group  are  discussed.  If 
the  concept  is  focused  on  some  relationship, 
specific  examples  of  the  relationship  are  pre- 
sented; and  then  generalizations  are  made 
about  this  relationship. 

The  pupil’s  book  provides  the  necessary  in- 
formation. It  should  be  pointed  out  here  that 
the  facts  included  in  the  book  are  a means  to 
acquiring  the  concept.  The  ability  to  repeat 
verbatim  what  the  book  says  does  not  neces- 
sarily mean  that  the  child  has  acquired  the 
idea.  Suggestions  for  developing  the  concepts 
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are  found  under  the  heading  “Procedure”  in 
each  problem  of  the  Guideboo\. 

Using  the  pictures  in  the  book 

In  Discovering  Our  World , Boo\  Three,  as  in 
all  the  books  of  the  Basic  Studies  in  Science 
program,  the  pictures  are  functional.  They  are 
an  essential  part  of  the  method  of  developing 
the  concept.  Each  picture  has  a definite  purpose 
to  serve.  For  example,  some  pictures  are  used 
to  raise  questions,  some  are  used  to  show  steps 
in  a process,  some  are  used  to  show  how  an 
experiment  should  be  performed,  some  are  used 
to  supply  additional  applications  of  a process, 
and  some  are  used  to  provide  for  practice  in 
interpreting.  Pictures  may  be  a substitute  for 
the  actual  experience.  They  make  it  possible 
for  the  child  to  experience  vicariously  the  ex- 
periences that  others  have  had.  They  bring  the 
near  and  far  environment  into  the  classroom. 

To  use  the  pictures  effectively,  the  teacher 
must  study  each  picture  to  see  how  it  can  be 
used  to  assist  in  learning.  First,  she  should 
understand  what  the  purpose  of  the  picture  is. 
Then  the  question  is,  “How  can  the  picture  be 
used  for  this  purpose?”  This  is  a matter  of  de- 
termining what  questions  to  ask  about  it  or 
what  activities  to  set  up  that  will  make  the 
picture  serve  its  purpose.  The  following  exam- 
ples show  how  to  use  pictures  in  this  manner. 

1.  Using  pictures  to  raise  questions.  Pictures 
used  for  this  purpose  usually  have  the  legend 
in  the  form  of  a question.  The  problem  may 
be  introduced  by  asking  pupils  to  look  at  the 
picture  and  answer  the  question.  Then  they 
may  be  directed  to  read  the  problem  title  and 
the  text  to  find  out  if  their  answer  to  the  ques- 
tion was  correct.  The  original  answer  can  then 
be  corrected  in  light  of  what  they  have  found 
out  from  their  study.  If  the  original  answer  is 
incorrect  or  partially  incorrect,  the  children 
should  be  asked  why  it  was  incorrect.  (Exam- 
ples: Unit  3,  pages  68,  69,  70.) 

2.  Using  pictures  to  show  how  to  carry  on 
some  activity.  The  text  describes  an  experiment 
to  perform  or  an  observation  to  make.  The  pic- 
ture shows  some  children  carrying  on  the  ac- 


tivity. The  purpose  is  to  help  pupils  see  how  the 
activity  is  carried  on.  There  are  several  ways 
of  using  these  pictures. 

a)  Have  the  children  read  through  the  direc- 
tions in  the  text.  Then  refer  to  the  picture. 
Ask  questions  such  as : “What  things  is  the  boy 
using?”  l‘What  is  he  doing?”  “What  is  he  try- 
ing to  find  out?”  “Can  we  do  this  experi- 
ment?” “What  shall  we  do?”  (Example:  Unit 
1,  pages  16-17.) 

b ) After  the  question  is  raised,  have  the 
children  look  at  the  picture  before  reading  the 
text  for  directions.  Then  ask  questions  such  as 
those  above.  Then  have  the  children  read  the 
text  to  find  out  more  exactly  what  the  boy  is 
trying  to  find  out,  what  materials  he  needs, 
and  what  he  is  doing.  (Example:  Unit  6,  page 
162.) 

c)  Sometimes  the  materials  and  equipment 
in  the  picture  may  not  be  available  in  the 
school.  In  this  case,  the  picture  can  be  substi- 
tuted for  the  direct  experience.  In  some  cases, 
other  kinds  of  materials  or  equipment  can  be 
used.  Ask  children  how  they  might  do  the 
experiment  with  other  equipment  that  is  avail- 
able. (Examples:  Unit  2,  page  37;  Unit  4,  page 
113;  Unit  10,  page  280.) 

Often  the  pictures  merely  show  the  appara- 
tus needed  and  methods  of  constructing  the 
apparatus.  It  is  necessary  to  refer  to  the  text  to 
find  the  directions  for  doing  the  experiment. 
Ask  questions  such  as:  “What  do  we  need  to 
do  the  experiment?”  “How  shall  we  put  the 
parts  together?”  “What  do  the  pictures  tell  us 
to  do?”  Examination  of  the  picture  should  be 
followed  by  having  the  pupils  read  the  text 
to  check  the  information  that  they  get  from  the 
picture.  (Example:  Unit  5,  pages  147-148.) 

3.  Using  pictures  to  ma\e  graphic  a concept 
developed  in  the  text.  Without  a picture,  de- 
scription is  often  difficult  to  understand.  Pupils 
cannot  always  visualize  what  is  described.  Pic- 
tures also  make  it  possible  to  show  things  that 
the  child  has  not  experienced  or  could  not  ex- 
perience in  his  everyday  environment.  For  ex- 
ample, the  pictures  on  pages  248  and  249,  Unit 
9,  show  the  sequence  of  events.  Questions  about 
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the  pictures  should  connect  what  is  shown  to 
the  concept.  Questions  such  as  the  following 
can  be  used:  “What  do  these  pictures  show?” 
“What  does  the  book  tell  us  about  these  pic- 
tures?” “What  do  these  pictures  show  about 
plants?” 

4.  Using  pictures  to  obtain  interpretation  on 
the  basis  of  a concept  that  is  presented.  An 
essential  part  of  all  learning  is  use  of  what  has 
been  learned.  Use  of  a concept  in  the  interpre- 
tation of  a picture  helps  make  the  concept  more 
meaningful.  Many  pictures  of  this  type  are  in- 
cluded in  the  book.  Usually  there  is  a legend 
with  a question.  Or  a question  may  be  included 
at  the  end  of  the  problem.  (Examples:  Unit  3, 
page  69,  No.  4;  page  72,  legend  under  picture; 
Unit  4,  page  107,  No.  4;  page  115,  legend  under 
picture;  Unit  10,  page  289,  No.  6.) 

Without  the  use  of  pictures,  it  is  almost  im- 
possible to  teach  how  a device  is  constructed. 
Children  find  it  difficult  to  visualize  a long 
description  of  the  parts  of  a device  and  the  re- 
lation of  these  parts  to  each  other.  The  follow- 
ing questions  will  help  pupils  analyze  the 
device  and  see  how  it  works:  “What  is  the 
name  of  the  device?”  “What  does  it  do?” 
“What  are  its  parts?”  “About  how  large  is  a 
real  device  of  this  kind?”  “When  this  part 
moves,  what  does  that  part  do?”  “What  are 
the  different  steps  in  its  operation?”  “What 
happens  in  each  step?”  “How  can  we  explain 
what  happens?”  “Where  is  this  device  used?” 
“Who  uses  a device  such  as  this?”  “Have  you 
ever  used  a device  like  this?”  “What  for?” 
“How  should  the  device  be  taken  care  of?” 
(Examples:  Unit  6,  pages  171  and  182.)  Pic- 
tures of  parts  of  plants  and  how  they  work 
are  used  in  this  way  also.  (Examples:  Unit  9, 
pages  245,  254,  255.) 

Using  the  questions  at  the  ends  of  problems 

The  questions  found  at  the  ends  of  the  prob- 
lems also  are  focused  on  the  important  con- 
cepts. The  final  step  in  each  problem  is  to  have 
the  children  answer  the  questions  raised  at  the 
beginning  of  each  problem.  Usually,  it  is  worth- 
while to  write  an  outline  answer  on  the  board. 


The  outline  should  be  developed  by  the  chil- 
dren. In  general,  it  should  correspond  closely 
with  the  outline  of  concepts  presented  in  the 
Guideboo\.  If  children  fail  to  include  a certain 
concept,  the  teacher  should  raise  questions  that 
will  bring  out  the  concept.  For  example:  “You 

remember  we  read  about . What  does  this 

show?  How  do  these  facts  help  us  answer  our 
question?”  Or  the  children  may  be  asked  to 
reread  some  part  of  the  problem  and  the  ques- 
tions above  may  be  asked. 

The  activity  at  the  end  of  each  problem  is 
a generalizing  activity.  The  children  must  be 
led  to  see  that  the  facts  presented  in  the  book 
are  important  because  they  enable  the  children 
to  get  ideas  about  things  that  can  be  used  to 
find  out  more  about  other  things.  For  example, 
when  the  pupils  find  that  mammals  have  cer- 
tain characteristics,  these  characteristics  tell 
them  about  other  mammals  and  also  help  them 
decide  if  a certain  animal  is  a mammal. 

The  questions  at  the  ends  of  problems  are 
of  two  types.  The  first  of  these  two  types  is 
designed  to  test  the  child’s  understanding  of 
the  study  material.  Questions  of  this  type  can 
be  answered  if  the  child  understands  what  he 
has  read.  They  correspond  roughly  with  the 
questions  used  to  test  reading  comprehension 
in  standardized  tests.  The  second  type  of  ques- 
tion calls  for  some  thinking  on  the  part  of  the 
child.  It  may  require  the  recall  of  experiences 
similar  to  those  presented;  it  may  call  for  clas- 
sification of  objects  or  events  based  on  certain 
group  characteristics;  it  may  call  for  the  inter- 
pretation of  a picture  on  the  basis  of  some  con- 
cept that  has  been  studied;  it  may  call  for 
comparisons;  or  it  may  call  for  reasons  for 
carrying  on  an  activity  in  a certain  way.  These 
questions  are  designed  to  give  the  children 
practice  in  the  use  of  the  concept. 

The  questions  may  be  used  in  several  ways. 
After  the  problem  title  has  been  read,  the  chil- 
dren can  be  referred  to  the  questions  at  the  end 
of  the  problem  to  find  out  what  they  must  be 
able  to  answer  after  they  have  studied  the  text. 
It  is  often  desirable  to  have  them  try  to  answer 
the  questions  before  the  text  is  studied.  After 
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studying  the  text,  they  can  compare  their  orig- 
inal answers  with  the  ones  that  they  now  give. 
This  method  o£  study  shows  the  children  that 
they  have  learned  something;  they  can  answer 
questions  that  they  could  not  answer  before. 

Or  the  text  may  be  studied  before  reading 
the  questions.  Then  read  the  first  question  to 
the  children  and  call  for  an  answer.  This  may 
be  given  orally  or  sometimes  in  writing.  The 
teacher  should  distinguish  between  the  infor- 
mation-type questions  and  the  application- 
type  questions.  Children  are  accustomed 
mainly  to  questions  that  can  be  answered  di- 
rectly by  the  recall  of  something  which  they 
have  studied.  When  an  application-type  ques- 
tion is  asked,  they  should  be  told  that  they  will 
have  to  think  out  the  answer  because  it  is  not 
in  the  text.  Occasionally,  when  they  cannot  get 
started  on  the  answer,  the  teacher  may  have 
to  ask  them  what  they  learned  from  their  study. 
This  might  be  written  on  the  board.  Then  say, 
“How  does  this  help  us  answer  our  question?” 
They  must  understand  that  what  they  learn  can 
be  used  to  answer  other  questions. 

The  information-type  questions  at  the  ends 
of  the  problems  can  also  be  used  as  a basis 
for  a summary.  First,  write  the  problem  title  on 
the  board.  Then  call  for  the  answers  to  the 
questions.  Write  the  answers  on  the  board  as 
briefly  as  possible.  Then  help  the  children  con- 
dense the  answers  to  the  different  questions 
into  a single  answer  to  the  problem. 

Using  the  “Questions  to  Answer”  at  the  ends 
of  units 

The  “Questions  to  Answer”  at  the  ends  of 
units  are  so  stated  as  to  require  a broader  asso- 
ciation of  meanings  than  is  called  for  by  ques- 
tions at  the  end  of  each  problem.  They  call  for 
integration  of  ideas  obtained  from  different 
problems  and  for  interpretation  of  situations 
on  the  basis  of  ideas  obtained  from  the  whole 
unit. 


The  “Questions  to  Answer”  should  be  dis- 
cussed after  the  problems  of  the  unit  have  been 
completed.  Children  should  learn  to  give  evi- 
dence for  their  answers.  One  method  of  stress- 
ing this  is  to  have  children  be  prepared  to  cite 
references  in  the  text,  which  they  used  as  a 
basis  for  their  answers.  When  they  start  find- 
ing the  answers  to  the  questions,  tell  them  to 
look  back  through  the  unit  and  find  a para- 
graph, a sentence,  or  a picture  which  they  can 
use  to  prove  that  their  answer  is  correct.  Then 
ask  them  how  this  reference  in  the  text  can 
be  used  as  proof  for  their  answer. 

Since  some  of  the  questions  are  of  the  appli- 
cation type,  children  may  sometimes  have  diffi- 
culty in  answering  these  questions  because  they 
fail  to  see  the  connection  between  the  text  and 
the  question.  If  this  happens,  refer  them  to  the 
part  of  the  text  dealing  with  the  idea  basic  to 
the  solution.  Have  them  read  it  over  and  then 
ask,  “How  can  we  use  this  idea  to  help  us 
answer  our  question?”  Every  question  in  the 
book  can  be  answered  by  using  what  the  chil- 
dren have  studied. 

Using  the  “Things  to  Do”  at  the  ends  of  units 

The  “Things  to  Do”  at  the  ends  of  units 
suggest  activities  that  make  more  meaningful 
the  ideas  in  the  units  and  bring  about  a closer 
tie-up  with  the  environment.  Usually,  the  activ- 
ities should  be  assigned  to  individuals  or  groups 
on  a voluntary  basis.  Some  time  should  be  spent 
in  class,  planning  how  an  activity  should  be 
carried  out.  This  should  be  as  nearly  pupil 
activity  as  possible,  for  the  planning  has  the 
greatest  value.  Sometimes  a group  can  be  in- 
structed to  plan  what  they  intend  to  do  and 
then  report  back  to  the  class  on  their  plans. 
Then  the  plans  can  be  evaluated  and  changed 
by  the  children.  In  this  way,  all  the  children 
will  learn  how  to  plan  science  activities;  and 
they  will  get  a better  insight  into  the  method 
used  by  scientists. 


PHILOSOPHY  AND  TECHNIQUE  19 


Part  Two  SUGGESTIONS  FOR  teaching  the  units 


This  part  of  the  Guideboo\  gives  specific  in- 
formation and  suggestions  for  teaching  the 
individual  units.  If  the  teacher  has  read  Part 
One  carefully,  she  has  become  acquainted  with 
the  general  suggestions  for  handling  the  var- 
ious types  of  teaching  situations  that  will  arise 
in  teaching  the  units.  As  she  comes  to  these 


situations  (starting  new  units  or  problems, 
doing  experiments,  etc.),  she  should  refer  to  the 
appropriate  section  in  Part  One.  Application  of 
these  general  suggestions,  together  with  the 
specific  suggestions  that  are  given  for  the  sec- 
tion being  studied,  will  help  the  teacher  ap- 
proach the  situation  with  confidence. 


Using  the  Introduction  ( Pages  6-7 ) 


By  the  time  boys  and  girls  enter  the  sixth 
grade,  the  world  around  them  is  assuming  a 
more  fascinating  form  because  their  fund  of 
knowledge,  both  from  books  and  from  experi- 
ence, has  so  grown  as  to  give  them  a more 
understanding  attitude  toward  what  they  see. 
They  have  developed  interests  and  hobbies, 
many  of  which  can  be  used  to  increase  their 
curiosity  about  science  and  to  help  develop 
skills  that  are  valuable  in  studying  science. 
Such  a hobby,  for  example,  is  the  making  of 
model  planes,  which  is  of  great  interest  to  both 
boys  and  girls.  Developing  the  understanding 
of  what  makes  a plane  fly,  offers  an  excellent 
opportunity  to  show  how  the  principles  learned 
in  the  classroom  are  applied  to  situations  in 
everyday  life. 

Working  with  their  hobbies  brings  out  again 
that  it  is  not  necessary  to  go  far  from  home  to 
“discover  a bigger  world.”  If  the  members  of 
each  science  class  explore  the  possibilities  of 
their  own  community,  they  will  find  many  op- 
portunities for  developing  interests.  Parks, 
museums,  forest  preserves,  manufacturing 
plants,  power  plants,  waterworks,  etc.,  will 
help  city  children  become  as  well  acquainted 


with  the  world  around  them  as  children  who 
live  in  or  near  the  country. 

And  further,  these  hobbies,  if  carried  out 
constructively,  will  give  new  meaning  to  the 
attempt  to  develop  a scientific  way  of  solving 
problems.  The  requirements  for  good  experi- 
menting have  been  stressed  in  earlier  books  of 
the  Discovering  Our  World  series.  But  these 
rules  can  be  given  new  meaning  by  asking  how 
they  apply,  for  example,  to  making  a model 
plane  that  will  fly.  Perhaps  some  boys  are  inter- 
ested in  other  machines,  or  girls  are  having 
their  first  experiences  with  cooking.  Any  of 
these  interests  can  be  used  to  concrete  the  ideas 
in  column  two  of  page  7 by  bringing  out  in 
discussion  how  following  these  rules  can  lead 
to  the  desired  results. 

On  page  6,  note  the  reference  to  the  table 
of  contents.  It  is  worth  while  to  spend  a few 
minutes  going  over  the  contents  to  give  the 
children  a bird’s-eye  view  of  the  year’s  work. 
Brief  mention  should  be  made  of  the  list  of 
Science  Words  on  page  295  and  of  the  Index  on 
page  299,  even  though  from  prior  experience 
with  the  Discovering  Our  World  books,  the 
children  may  be  familiar  with  these  features. 
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unit  JLo  What  Makes  Sound? 


Purpose  and  scope 

This  unit  presents  simple  explanations  for 
many  of  the  things  that  pupils  observe  about 
sounds  in  their  environment.  It  will  broaden 
their  interests  in  this  phenomenon  and  give 
plenty  of  opportunity  for  first-hand  contacts 
with  sound.  The  pupils  who  take  music  les- 
sons will  have  much  to  offer  to  their  class- 
mates. They  should  be  urged  to  bring  their 
musical  instruments  to  class  and  to  demonstrate 
how  these  instruments  make  sounds  and  how 
the  sounds  can  be  changed.  There  are  many 
opportunities  for  individual  investigations  and 
experiments  by  interested  pupils.  The  subject 
of  sound,  in  all  probability,  is  new  to  most 
of  the  pupils  and  perhaps  even  to  the  teacher. 
The  text  is  kept  simple  and  non-technical  for 
this  reason. 

Before  proceeding  far  in  the  unit,  the  teacher 
will  do  well  to  look  ahead  and  work  out  with 
the  pupils  a schedule  for  bringing  things 
(musical  instruments,  etc.)  to  class  as  well  as 
for  constructing  simple  experimental  equip- 
ment. 

Science  background 

Discovering  Our  World , Boo\  One : Unit  3, 
How  Does  Your  Body  Work?  Unit  7,  How 
Can  You  Keep  Well? 

General  concepts 

1.  All  sound  is  made  by  vibration. 

2.  Sound  travels  by  vibrations  in  the  air, 
called  sound  waves. 

3.  The  pitch  of  a sound  depends  on  the 
speed  of  vibration.  The  faster  a material  vi- 
brates, the  higher  the  sound  it  produces. 

4.  The  highness  or  lowness  of  a sound  de- 
pends on  how  hard  the  object  is  vibrating, 
that  is,  how  far  back  and  forth  it  is  moving. 
A material  can  be  made  to  vibrate  with  more 
force  by  striking  it  harder. 


5.  All  musical  instruments  produce  sounds 
by  making  the  air  vibrate. 

6.  We  hear  sounds  because  the  sound  waves 
travel  to  our  ears  and  make  the  inner  parts 
vibrate.  Nerves  carry  the  message  of  the  vibra- 
tions to  the  brain,  which  interprets  them  into 
meanings. 

7.  It  is  very  important  to  take  good  care  of 
our  ears. 

Introducing  the  unit  (Pages  9-10) 

Experiments 

Pages  9-10:  To  observe  different  kinds  of 
sound  makers. 

Materials  : Ruler,  triangle,  rubber  band, 
tuning  fork,  etc. 

Information  for  the  teacher 

A general  science  book  or  physics  book  will 
give  additional  background  for  the  under- 
standing of  the  phenomena  of  sounds.  Also  see 
Bibliography  on  page  108  of  the  Guideboo\. 

Procedure 

The  procedure  suggested  on  page  9 of  having 
each  pupil  bring  one  sound-making  thing  to 
class  is  a good  way  to  begin  the  unit.  The 
simple  demonstrations  with  a ruler,  rubber 
band,  triangle,  etc.,  may  be  done  as  suggested 
in  the  book.  Have  the  children  read  pages  9-10. 
Then  the  questions  at  the  ends  of  the  first 
and  second  paragraphs  on  page  10  may  be  dis- 
cussed as  a preliminary  to  the  first  problem  in 
the  unit. 

How  are  all  sounds  alike? 

(Pages  10-12) 

Concept 

All  sound  is  made  by  vibration. 

Experiments 

Pages  10-11:  To  observe  that  the  prongs  of  a 
tuning  fork  vibrate  when  they  are  struck. 
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Materials:  Tuning  fork  (small  size),  pan 
or  dish  of  water;  tuning  fork,  piece  of  cork, 
thread,  needle. 

Page  11:  To  observe  what  happens  when  a 
rubber  band  stops  vibrating. 

Material  : Rubber  band. 

Procedure 

This  first  problem  helps  pupils  learn  that 
sounds  are  produced  by  vibrations.  To  intro- 
duce the  problem,  have  the  pupils  do  the  two 
experiments  pictured  at  the  top  of  page  11. 
Each  pupil  should  have  these  simple  experi- 
ences himself,  if  possible,  either  during  class 
or  out  of  class.  Let  pupils  observe  carefully 
and  report  their  observations.  They  should  then 
read  the  paragraph  that  explains  the  meaning 
of  vibrations  and  perform  the  experiment  with 
the  rubber  band.  To  check  their  findings,  have 
the  pupils  read  and  discuss  the  text. 

Questions  (Page  12) 

1.  Move  back  and  forth  very  fast.  Pulling 
or  striking. 

2.  Touch  it. 

3.  All  are  vibrating.  A tuning  fork  that  is 
making  sound  will  splatter  water  or  will  move 
a cork  that  is  hanging  near  it. 

How  do  living  things  make  sounds? 
(Pages  12-14) 

Concepts 

1.  In  people  and  most  higher  animals,  sound 
is  produced  by  vibration  of  vocal  cords. 

2.  In  many  insects,  sound  is  made  by  vibra- 
tion of  wing  parts. 

Experiment 

Page  13:  To  show  how  moving  air  causes 
vibration. 

Materials  : Blades  of  grass  or  small  strips  of 
paper  or  cellophane. 

Information  for  the  teacher 

Pictures.  Page  12.  The  voice  box  is  the  lar- 
ynx. The  vocal  cords  stretch  across  the  larynx. 


Page  13.  Left.  Frogs  have  vocal  cords.  The 
sac  on  the  throat,  called  a vocal  sac,  acts  as  a 
resonator,  which  makes  the  sound  louder. 
Right.  This  species  of  click  beetle  is  called  the 
Eyed  Elator  because  of  the  two  large  black 
marks  that  resemble  eyes. 

Procedure 

“How  do  you  make  sound?”  might  be  dis- 
cussed by  the  class  in  preparation  for  reading 
these  pages.  Let  pupils  hum  a tune  and  feel 
their  throats  as  they  do  so.  The  experience  of 
saying  the  alphabet  will  help  pupils  gain  a 
clearer  picture  of  how  they  produce  sound.  If 
possible,  have  pupils  observe  some  of  the 
common  sound-making  insects  and  try  to  see 
how  they  produce  sounds.  If  this  is  not  possible, 
let  them  study  the  pictures  on  pages  13  and  14. 
Then  they  should  read  pages  12-14  to  clarify 
the  ideas.  See  also  Things  to  Do,  page  31,  Nos. 
1,  3,  and  10. 

Questions  (Page  14) 

1.  You:  by  vibrating  the  vocal  cords  in  your 
voice  box.  Bird:  by  vibrating  its  vocal  cords. 
Katydid:  by  rubbing  its  wings  together.  Bee: 
by  moving  its  wings  up  and  down  very 
rapidly. 

2.  All  are  caused  by  something  vibrating. 

3.  High  or  low,  soft  or  loud. 

4.  By  using  teeth,  lips,  and  tongue  with  the 
help  of  the  brain. 

How  do  sounds  travel?  (Pages  15-17) 

Concepts 

Sound  travels  by  vibrations  in  the  air  called 
sound  waves. 

a)  Sound  waves  travel  in  all  directions  from 
a thing  that  is  vibrating. 

h ) Sound  waves  travel  through  solids,  liq- 
uids, and  gases. 

c ) Sound  travels  at  a speed  of  about  1100 
feet  per  second  in  the  air. 

Experiments 

Page  15:  To  show  that  sound  waves  travel 
through  the  air. 
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Materials:  Two  tuning  forks  (small  size), 
two  small  wooden  boxes  open  at  one  end,  stick, 
rubber  stopper  or  cork. 

Pages  15-16:  To  show  that  sound  waves  travel 
in  all  directions. 

Material:  Bell. 

Pages  16-17:  To  find  out  whether  sound 
travels  in  solid  materials. 

Materials:  Yardstick,  tuning  fork,  piece  of 
cloth. 

Procedure 

Have  the  pupils  do  the  experiment  with  the 
two  boxes  described  on  page  15  to  find  out  that 
sound  does  travel  through  air.  The  experience 
described  with  the  bell  will  also  make  real  the 
idea  that  sound  travels  in  all  directions  from 
its  source. 

After  doing  these  things,  pupils  may  read 
the  experiences  of  the  boys  who  were  in  swim- 
ming. In  preparation  for  that,  the  pupils  may 
try  to  answer  this  question : “Can  sounds  travel 
through  water?”  After  this  discussion,  pupils 
may  wish  to  try  a similar  experience,  if  there 
is  a swimming  pool  available. 

To  see  if  sounds  travel  through  solids,  have 
pupils  do  the  experiments  described  on  pages 
16-17.  A necktie  works  well  for  the  experiment 
suggested  at  the  top  of  page  17.  After  the 
pupils  have  done  these  experiments,  have  them 
read  and  discuss  the  remainder  of  the  problem. 

Questions  (Page  17) 

1.  By  making  something  vibrate  so  that  the 
air  near  it  vibrates. 

2.  Without  air  around  the  bell,  sound  waves 
cannot  travel  from  the  bell  to  you. 

3.  Describe  the  experiment  with  tuning 
forks  on  page  15  or  with  a yardstick  and  tuning 
fork  on  pages  16-17;  tell  about  Henry  and  the 
radiator  signal,  about  Bob  and  Jerry’s  experi- 
ence with  the  rocks  in  the  water,  or  about 
sounds  that  can  be  heard  clearly  by  putting 
an  ear  to  the  ground. 

4.  Hard  solids.  Liquids. 

5.  About  15  seconds. 


How  can  we  control  sound  waves? 
(Pages  18-19) 

Concepts 

1.  Sound  waves  can  be  guided  to  travel  in 
certain  directions. 

2.  Sound  waves  can  be  reflected  to  make 
an  echo. 

3.  Echoes  in  rooms  can  be  prevented  by 
using  special  materials  on  the  walls  and  ceil- 
ings. 

Experiments 

Page  18:  To  show  that  sound  waves  can  be 
guided. 

Materials  : Megaphone  or  piece  of  card- 
board, watch. 

Procedure 

The  experiences  with  the  megaphone  de- 
scribed here  will  help  pupils  understand  how 
sounds  may  be  controlled.  They  have  probably 
all  had  experiences  with  echoes.  Pupils  will  be 
interested  in  finding  out  how  the  school  audi- 
torium and  the  other  public  rooms  that  they 
use  are  made  free  from  echoes.  Samples  of 
different  kinds  of  sound-proofing  materials 
might  be  examined.  Have  the  pupils  read  pages 
18-19  to  check  their  findings. 

Questions  (Page  19) 

1.  By  using  a megaphone  or  something  that 
acts  like  one,  such  as  your  cupped  hands. 

2.  It  helps  guide  the  sound  waves  into  their 
ears. 

3.  Sound  waves  made  by  something  vibrat- 
ing travel  through  the  air  until  they  strike  a 
hard  surface.  They  are  then  reflected  or  thrown 
back  through  the  air  to  you. 

4.  If  sound  waves  are  thrown  back  and 
forth  several  times,  they  become  jumbled  so 
that  we  cannot  hear  clearly.  By  using  soft 
materials  or  materials  with  rough  surfaces  that 
do  not  reflect  sound  so  well  as  those  with  hard, 
smooth  surfaces. 
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Why  are  sounds  different? 

(Pages  20-23) 

Concepts 

1.  The  highness  or  lowness  of  a sound  de- 
pends on  the  speed  of  vibration.  The  faster  a 
material  vibrates,  the  higher  the  sound  it 
produces. 

a)  Thin  materials  can  vibrate  faster  than 

thick  ones. 

b ) The  more  tightly  a material  is  stretched, 

the  faster  it  can  vibrate. 

c ) Short  lengths  of  a material  can  vibrate 

faster  than  long  ones. 

2.  The  loudness  of  sound  depends  on  how 
hard  the  object  is  vibrating,  that  is,  how  far 
back  and  forth  it  is  moving.  A material  can 
be  made  to  vibrate  with  more  force  by  striking 
it  harder. 

Experiments 

Page  20:  To  show  why  some  sounds  are  high 
and  others  low. 

Materials:  Chalk  box,  three  rubber  bands 
of  the  same  length  but  of  different  widths, 
xylophone. 

Page  21 : To  show  why  some  sounds  are  high 
and  others  low. 

Materials  : Three  rubber  bands  of  same 
length  and  width,  three  spools,  pencil. 

Pages  22-23:  To  find  out  why  some  sounds 
are  louder  than  others. 

Materials  : See  experiments  for  pages  9 
and  11. 

Information  for  the  teacher 

If  any  pupil  has  a toy  xylophone,  ask  him 
to  bring  it  to  class  for  this  problem.  It  is  a 
good  idea  to  have  several  of  these  xylophones, 
since  there  are  different  types.  In  some  toy 
xylophones,  the  bars  are  all  the  same  width. 
In  others,  the  bars  that  make  the  higher  tones 
are  narrower  as  well  as  shorter  than  the  ones 
that  make  the  lower  tones.  It  is  this  type  that 
is  needed  for  the  experiments  here. 

The  materials  for  the  experiment  on  page 
21  are  easily  put  together.  The  spools  are 


placed  on  the  pencil  and  the  bands  wound 
around  them  to  stretch  the  bands  to  a greater 
or  less  degree. 

Procedure 

Pupils  will  want  to  give  their  own  ideas 
about  why  sounds  are  different  from  each 
other.  Those  who  take  music  lessons  will  have 
ideas  to  contribute.  After  the  discussion,  in 
order  to  determine  which  ideas  are  correct, 
pupils  should  perform  the  experiment  described 
on  page  20,  answer  the  questions,  and  read  to 
the  next  experiment  on  page  21.  Here  the 
pupils  will  discover  another  reason  why  sounds 
are  different.  A xylophone  or  violin  brought  to 
school  will  help  make  this  idea  clear. 

Have  the  pupils  read  to  the  end  of  the  third 
paragraph  on  page  22.  Then  they  should  do 
the  experiments  mentioned  in  the  next  two 
paragraphs.  To  check  their  findings,  the  chil- 
dren should  then  read  to  the  end  of  page  23. 
For  additional  activities,  see  Things  to  Do , 
page  31,  Nos.  2,  4,  and  5. 

Questions  (Page  23) 

1.  Thin  string.  Short  string.  Tight  string. 

2.  One  that  vibrates  slowly. 

3.  Tighten  it. 

4.  By  sending  air  past  your  vocal  cords  with 
less  force  so  that  they  vibrate  a shorter  distance 
back  and  forth. 

How  do  musical  instruments  make 
sounds?  (Pages  24-29) 

Concepts 

All  musical  instruments  produce  sounds  by 
making'  the  air  vibrate. 

a)  In  stringed  instruments,  the  sounds  are 
made  by  vibration  of  the  strings.  Differences 
in  length,  thickness,  and  tightness  of  the  strings 
make  sounds  that  are  high  or  low. 

b ) In  the  wind  instruments,  the  sounds  are 
produced  by  vibrations  of  a column  of  air  in- 
side the  instrument.  The  length  of  the  column 
of  air  can  be  changed  to  make  high  or  low 
sounds. 
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Experiments  and  observations 

Pages  24-27:  To  show  how  different  sounds 
are  made  by  musical  instruments. 

Materials:  Violin,  piano,  xylophone,  flute, 
saxophone. 

Pages  27-28:  To  show  how  long  and  short 
columns  of  air  make  different  sounds. 

Materials  : Eight  test  tubes  (or  small  bottles 
or  glasses)  of  same  size,  test-tube  rack,  water. 

Information  for  the  teacher 

Pictures.  Page  24.  In  the  picture  of  this  chil- 
dren’s orchestra,  the  following  instruments  may 
be  seen:  first  two  rows  and  ends  of  third, 
violins;  center  of  third , clarinets;  fourth  row , 
left  to  right:  two  trumpets,  one  french  horn, 
one  altonium,  three  saxophones,  one  violin; 
bacf  row , left  to  right:  tuba,  two  trombones, 
two  baritones,  drums,  cymbals. 

Page  25.  Violin. 

Page  26.  Flute  with  keys. 

Page  28.  Right,  trombone. 

The  following  chart  gives  information  about 
various  musical  instruments. 


Instrument 

What  Vibrates 

How  High  and  Low 
Sounds  Are  Produced 

Violin 

Strings 

Thin  and  thick  strings 
can  be  shortened  or 
lengthened 

Piano 

Strings 

Hammers  strike  wires  of 
different  length,  tight- 
ness, and  thickness 

Xylophone 

Wooden  bars 

Hammers  strike  long 
and  short  bars 

Flute 

Column  of  air 

Fingers  or  keys  over 
holes  in  tube  change 
length  of  column  of  air 

Saxophone 

Reed,  column  of 
air 

Keys  change  length  of 
column  of  air 

Trombone 

Lips,  column  of 
air 

Part  of  instrument  slides 
to  change  length  of  the 
air  column;  lips  change 

Tuba,  Cornet, 

Lips,  column  of 

Valves  change  length  of 

Bugle,  or 
Trumpet 

air 

air  column;  lips  change 

Text.  In  a wind  instrument,  such  as  a flute, 
the  length  of  the  air  column  is  changed  by 
allowing  air  to  escape  or  preventing  air  from 
escaping  from  the  tube.  When  all  the  holes 


are  closed,  no  air  can  escape  and  the  column 
of  air  is  longest  and  the  notes  lowest.  Uncov- 
ering a hole  allows  the  air  to  escape.  Then 
the  column  of  air  is  as  long  as  the  distance 
between  the  mouthpiece  and  the  uncovered 
hole.  The  nearer  to  the  mouthpiece  the  un- 
covered hole  is,  the  shorter  the  air  column  and 
the  higher  the  note.  The  holes  may  be  covered 
by  fingers  or  by  feys  that  can  be  pressed  to 
open  or  close.  In  other  wind  instruments, 
valves  are  pushed  down  to  cut  off  the  column  of 
air  and  change  its  length. 

The  term  valve  is  now  generally  used  for  the 
type  of  stop  in  which  something  like  a piston 
is  pushed  down  into  the  tube  to  change  the 
length  of  the  air  column.  Trumpets  and  bugles 
have  valves.  The  term  fey  refers  to  the  type 
of  stop  that  acts  as  a cover  for  the  holes,  as 
in  a flute. 

Procedure 

Urge  pupils  to  bring  their  musical  instru- 
ments to  the  science  class.  Use  each  instrument 
as  the  text  suggests  to  learn  (1)  how  the  instru- 
ment makes  sounds,  (2)  how  it  can  change 
sounds,  (3)  how  sounds  are  controlled  in  the 
instrument,  and  (4)  how  the  instrument  is 
constructed  to  serve  its  purpose. 

Have  pupils  show  the  instruments  and  en- 
courage them  to  use  the  information  they  have 
acquired  to  understand  the  instruments.  The 
children  should  read  the  problem  to  check 
their  findings  and  to  get  additional  informa- 
tion that  they  have  not  been  able  to  discover. 
After  all  the  instruments  have  been  discussed, 
have  the  pupils  put  on  the  board  a summariz- 
ing chart  such  as  the  one  on  this  page  of  the 
Guideboof. 

The  experiment  pictured  on  page  28  has 
many  variations,  such  as  hanging  bottles  con- 
taining different  amounts  of  water  from  a 
support  and  experimenting  to  make  a scale 
with  them.  See  also  Things  to  Do,  Nos.  6,  7, 
and  8. 

Questions  (Page  29) 

1.  Violin,  cello,  bass  viol,  harp,  guitar,  piano, 
banjo,  ukulele,  etc. 
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2.  Wires  in  a piano  vary  from  long,  thick 
wires  on  the  left  to  short,  thin  wires  on  the 
right.  When  a piano  key  is  struck,  it  makes  a 
little  hammer  strike  a wire  which  vibrates. 
Striking  a long,  thick  wire  makes  a low  sound. 
Striking  a short,  thin  wire  makes  a high  sound. 
The  sound  that  each  wire  makes  can  be 
changed  a little  by  tightening  or  loosening  it. 

3.  Thick  strings  make  lower  sounds  than 
thin  strings;  long  strings  make  lower  sounds 
than  short  strings;  loose  strings  make  lower 
sounds  than  tight  strings. 

4.  No.  The  bars  would  all  make  the  same 
sound. 

5.  He  presses  valves  to  change  the  length 
of  the  column  of  air;  he  makes  his  lips  tight 
or  loose. 

6.  No.  Air  blown  through  the  reed  makes 
the  column  of  air  in  the  saxophone  vibrate. 

How  do  you  hear  sounds? 

(Pages  29-30) 

Concepts 

1.  We  hear  sounds  because  the  sound  waves 
travel  to  our  ears  and  make  the  inner  parts 
vibrate.  Nerves  carry  the  message  of  the  vibra- 
tions to  the  brain,  which  interprets  them  into 
meanings. 

2.  It  is  very  important  to  take  good  care  of 
your  ears. 

Procedure 

The  picture  on  page  30  may  be  discussed  to 
create  an  interest  in  how  we  hear.  Then  have 
the  pupils  read  page  29  for  a simple  explanation 
and  additional  information.  The  pupils  should 
then  read  and  discuss  the  safety  rules  so  that 
the  reasons  for  each  are  thoroughly  enough 
understood  that  they  will  become  part  of  the 
pupil’s  behavior.  See  also  Things  to  Do,  page 
31,  No.  9. 

Questions  (Page  30) 

1.  It  helps  catch  sound  waves  and  guide 
them  into  your  ear. 


2.  Because  skin  is  stretched  over  the  open- 
ing just  as  on  the  head  of  a drum. 

3.  If  you  always  have  trouble  hearing,  have 
a doctor  look  at  your  ears.  A doctor  can  often 
help  you  hear  more  clearly;  he  can  tell  whether 
there  is  anything  wrong  with  your  ears. 

4.  To  shut  out  some  of  the  sound  so  that 
the  eardrum  will  not  be  injured. 

Questions  to  answer  (Page  31) 

1.  List  might  include:  voices — vocal  cords; 
animals  (dogs,  cats,  etc.) — vocal  cords;  auto- 
mobile, bus,  streetcar,  etc. — motor;  bells  of  var- 
ious kinds — parts  of  a bell;  leaves — wind;  run- 
ning water — whatever  the  water  struck. 

2.  Yes.  A child  on  one  side  of  a closed  door 
might  make  a sound  that  a child  on  the  other 
side  could  not  hear.  The  same  sound  repeated 
with  the  door  ajar  could  be  heard. 

3.  If  nothing  vibrates,  no  sound  waves  will 
be  started. 

4.  If  the  parts  of  a bell  have  not  been  tight- 
ened or  loosened  or  otherwise  changed,  the  bell 
will  vibrate  at  the  same  speed  every  time  it  is 
rung  and  so  make  the  same  sound  each  time. 

5.  Sound  waves  from  the  radio  made  the 
metal  top  vibrate  and  produce  another  sound. 
He  could  put  a pad  of  some  soft  material  be- 
tween the  radio  and  the  table;  then  sound 
waves  could  not  reach  the  top  so  easily. 

6.  By  using  different  lengths  and  thicknesses 
of  pins  or  by  driving  them  in  to  different 
depths,  or  both. 

Things  to  do  (Page  31) 

1.  For  crickets  and  katydids,  see  text,  page 
14.  Most  grasshoppers  make  no  sound.  One 
kind  makes  a tsi\\-tsi\\  by  rubbing  a tooth- 
edged  thigh  against  the  front  wing  vein.  The 
cracker  locust,  the  Carolina  locust,  and  a few 
others  make  a crackling  sound  with  their  wings 
when  they  fly.  Cicadas  have  a drumhead  at 
the  base  of  their  hind  wings.  Muscles  inside 
their  bodies  set  them  in  vibration.  A large  air 
cavity  in  the  abdomen  acts  as  the  drum.  See 
Bibliography  on  page  108  of  the  Guideboo\. 
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2.  The  short  reeds  make  the  high  sounds; 
the  long  ones,  the  low  sounds. 

3.  All  letters  are  made  by  special  place- 
ment of  the  lips  and  tongue.  However,  some 
are  voiced  (use  vocal  cords) ; others  are  voice- 
less. All  vowels  combine  lips  and  tongue  with 


voice.  B is  voiced,  while  p is  not.  S or  a soft  c 
is  not  voiced,  while  z is.  D is  voiced,  while  t 
is  voiceless,  etc. 

4-9.  Individual  or  class  activities. 

10.  A giraffe  has  no  vocal  cords.  It  can  only 
make  a kind  of  snort. 


unit  Ia  Why  Does  the  Weather  Change? 


Purpose  and  scope 

There  are  many  things  about  the  study  of 
weather  that  are  interesting  to  girls  and  boys. 
It  is  not  the  intention  of  this  unit  to  give  a 
large  amount  of  technical  information.  It  is 
rather  the  purpose  to  broaden  the  interest,  to 
build  on  previous  knowledge  of  how  water 
evaporates  and  condenses,  and  to  use  this 
knowledge  to  understand  some  of  the  simple 
phases  of  weather  changes.  Pupils  at  this  level 
cannot  forecast  weather,  but  they  can  begin  to 
understand  some  of  the  things  that  scientists 
need  to  know  in  order  to  forecast.  They  can 
also  develop  an  appreciation  of  the  work  and 
worth  of  the  Weather  Bureau. 

In  this  unit  it  is  important  to  help  pupils 
connect  the  various  science  principles  concern- 
ing air  and  the  various  changes  in  it  with  the 
final  problems  in  the  unit  that  are  concerned 
with  weather  changes  and  the  forecasting  of 
weather  changes. 

Science  background 

Loo\  and  Learn:  Unit  3,  Days  and  Days 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

Discovering  Our  World , Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  4,  Why  Do  We  Have  Days  and 
Nights  ? 

Discovering  Our  World , Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  4,  How  Do 
Heating  and  Cooling  Change  Materials? 


General  concepts 

1.  Weather  is  the  condition  of  the  air  around 
us.  Changes  in  weather  are  changes  in  the  air. 

2.  The  air  is  not  warmed  equally  at  all  places 
by  the  sun. 

3.  Clouds  covering  the  sun  may  change  the 
temperature  of  the  air. 

4.  Some  parts  of  the  world  are  always 
warmer  or  colder  than  other  parts. 

5.  Winds  from  colder  or  warmer  places 
change  the  temperature. 

6.  Wind  is  moving  air. 

7.  Gravity  makes  the  air  move. 

8.  Water  comes  out  of  the  air  as  clouds,  rain, 
snow,  sleet,  hail,  fog,  frost,  and  dew. 

9.  Weather  is  forecast  each  day  by  the 
Weather  Bureau. 

10.  Weather  reports  help  us  prevent  damage 
and  destruction. 

Introducing  the  unit  (Page  33) 

The  unit  may  be  started  by  asking  the  pupils 
to  describe  the  kinds  of  weather  they  have 
been  experiencing  during  the  past  week.  Then 
have  them  read  page  33. 

What  do  we  mean  by  weather? 

(Pages  34-36) 

Concepts 

Weather  is  the  condition  of  the  air  around 
the  earth.  Changes  in  the  weather  are  changes 
in  the  air. 
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a)  The  air  may  be  clear  or  cloudy. 

b ) The  air  may  be  still,  or  it  may  be  moving 
slowly  or  swiftly. 

c ) The  air  may  be  hot,  cold,  cool,  or  warm. 

d ) The  air  may  be  dry  or  moist. 

Observations 

Page  34:  To  find  out  what  weather  is. 
Materials:  Weather  reports  from  news- 
papers and  radio  broadcasts. 

Page  36:  To  observe  weather  changes  over 
a period  of  weeks  and  to  keep  a record  of  these 
changes. 

Materials:  Thermometer,  daily  weather  re- 
ports from  newspapers  and  radio. 

Information  for  the  teacher 

Pictures.  Page  34.  Top,  fog.  Bottom,  snow. 
Page  35.  Top,  partly  cloudy.  Bottom , rain. 

Procedure 

As  suggested  in  the  text,  have  the  children 
list  the  words  that  they  have  been  using  to 
describe  the  weather.  The  discussion  should 
lead  to  an  understanding  that  weather  is  the 
condition  of  the  air  around  the  earth.  Have 
the  class  read  pages  34-36.  The  record  of  the 
weather  entered  on  a chart  such  as  the  one 
described  on  page  36  is  interesting  to  keep 
and  use  as  the  unit  progresses. 

Questions  (Page  36) 

1.  Answers  will  vary. 

2.  Answers  should  include  changes  in  sky 
condition,  temperature,  moisture,  and  wind. 

3.  No.  Weather  is  the  condition  of  the  air 
around  the  earth. 

4.  No.  He  omitted  the  condition  of  the  sky, 
the  moisture  fall,  and  also  the  direction  of  the 
wind. 

Why  does  the  air  get  warmer  or  cooler? 
(Pages  36-39) 

Concepts 

1.  The  air  is  not  warmed  equally  at  all 
places  by  the  sun. 


a)  The  sun’s  rays  pass  through  the  air 
without  heating  it  much. 

b ) The  soil,  rocks,  and  water  of  the  earth’s 
surface  are  heated  by  the  sun’s  rays;  then  the 
earth’s  surface  warms  the  air  above  it. 

c ) Different  kinds  of  materials  on  the 
earth’s  surface  are  warmed  differently  by  the 
sun. 

d ) The  air  is  warmest  where  the  earth  is 
heated  most. 

2.  The  air  is  usually  warmer  in  the  daytime 
than  at  night. 

3.  The  air  is  warmer  in  summer  than  in 
winter. 

4.  Clouds  covering  the  sun  may  change  the 
temperature  of  the  air. 

5.  Some  parts  of  the  world  are  always 
warmer  or  colder  than  other  parts. 

6.  Winds  from  colder  or  warmer  places 
change  the  temperature. 

a)  Wind  from  the  south  is  usually  warm. 

b)  Wind  from  the  north  is  usually  cold. 

Experiments  and  observations 

Page  36:  To  observe  how  the  temperature 
changes  during  the  day. 

Material:  Thermometer. 

Page  37:  To  show  that  the  sun’s  rays  heat 
some  materials  more  than  others. 

Materials:  Two  small  glass  jars  that  are 
just  alike,  candle  or  dull  black  paint,  ther- 
mometer, water. 

Information  for  the  teacher 

Picture.  Page  38.  The  sun’s  rays  pass  through 
the  transparent  glass  of  the  greenhouse.  The 
light  rays  strike  the  soil  and  cannot  pass 
through  it.  They  are  absorbed  by  the  dark, 
opaque  soil.  The  soil  is  warmed  because  the 
energy  of  the  sun’s  rays  is  changed  to  heat. 
The  soil  gives  off  some  of  its  heat  to  the  air 
above  it,  thus  warming  the  air  in  the  green- 
house. 

Text.  In  the  experiment  with  the  glass  jars, 
the  radiant  energy  from  the  sun  is  changed  to 
heat  energy  when  it  strikes  a material  that 
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absorbs  it.  Transparent  materials  allow  sun- 
light to  pass  through  them;  those  that  are  not 
transparent  either  reflect  the  sunlight  or  absorb 
it.  No  material  is  so  perfectly  transparent  or 
so  perfectly  reflecting  that  it  will  absorb  no 
sunlight  whatever.  Pure  white  reflects  most  of 
the  sunlight;  pure  black  absorbs  most  of  it. 
Thus  black  or  dark  opaque  objects  will  become 
warmer  in  sunlight  than  white  or  transparent 
ones.  In  the  jar  that  is  painted  black,  the  water 
will  be  warmed  more  than  that  in  the  clear 
glass  jar. 

Procedure 

The  temperature  changes  taken  from  the 
chart  and  those  taken  at  various  times  of  day 
will  help  pupils  realize  the  wide  changes  that 
take  place.  The  experiments  described  in  this 
problem  will  help  them  understand  why  these 
changes  occur.  The  pupils  can  feel  the  dif- 
ference between  the  temperature  of  the  window 
glass  and  that  of  the  window  sill  when  the 
sun  shines.  One  is  transparent  and  lets  the  sun’s 
rays  through;  the  other  absorbs  them  and  be- 
comes hot.  Have  the  pupils  do  the  experiments 
and  then  read  pages  36-39  to  obtain  additional 
concepts. 

This  problem  indicates  several  factors  that 
are  responsible  for  changes  in  the  temperature. 
The  pupils  should  make  a list  of  these  factors, 
indicating  how  they  may  bring  about  changes 
in  temperature. 

Questions  (Page  39) 

1.  Materials  through  which  the  rays  cannot 
pass.  Clear  materials  that  the  rays  will  pass 
through. 

2.  Much:  soil,  rocks,  buildings,  people, 

metal,  etc.  Little : air,  glass,  small  quantities 
of  water,  etc. 

3.  The  sun’s  rays  that  strike  the  earth  are 
changed  to  heat.  The  earth  gives  up  some  of 
this  heat  to  the  air  above  it. 

4.  The  air  becomes  warmer  during  the  day 
when  the  sun  is  shining  on  our  side  of  the 
earth.  Then  it  becomes  cooler  at  night  when 


the  sun  is  shining  on  the  other  side  of  the 
earth. 

5.  Over  the  land.  The  sun  warms  the  land 
more  than  the  water. 

6.  Clouds  shade  the  earth,  keeping  some  of 
the  sun’s  rays  from  reaching  it.  The  earth  and 
the  air  above  it  become  cooler.  Also,  a cool 
breeze  blows  over  the  land. 

7.  Clouds  shade  the  earth.  The  earth  be- 
comes warmer  in  the  day  and  cooler  at  night. 
More  hours  of  sunlight  make  it  warmer  in 
summer.  The  wind  blows  from  warmer  or 
cooler  places. 

What  makes  the  wind  blow? 

(Pages  40-43) 

Concepts 

1.  Wind  is  moving  air. 

2.  Gravity  is  the  force  that  makes  the  air 
move. 

a)  Air  has  weight. 

b ) Cold  air  weighs  more  than  warm  air. 

c ) Cold  air  sinks  and  pushes  warm  air  up. 

3.  The  air  moves  (wind  blows)  because 
cold  air  is  pressing  down  and  sideways  and 
pushing  against  warm  air,  making  it  move. 

Experiment 

Page  41 : To  show  how  air  moves  in  a room. 
Materials  : Strips  of  paper  or  cloth,  window 
pole  (or  other  long  pole),  window  that  opens 
at  the  top  and  bottom. 

Information  for  the  teacher 

Pictures.  Page  40.  The  picture  shows  what 
a strong  wind  a hurricane  is.  In  a hurricane, 
the  wind  moves  more  than  75  miles  an  hour. 
Page  41.  How  to  perform  the  experiment. 
Page  42.  The  arrows  in  the  picture  show 
which  way  the  wind  is  moving. 

Procedure 

Doing  the  experiment  pictured  on  page  41 
is  an  interesting  way  to  begin  the  study  of  this 
problem.  Let  the  pupils  use  their  observations 
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and  the  text  to  explain  how  air  moves  in  the 
schoolroom.  Have  the  children  list  the  things 
that  happen  to  make  the  air  move.  Then  the 
pupils  are  ready  to  understand  how  a like 
situation  outdoors  causes  the  air  to  move  and 
a wind  to  blow. 

If  the  pupils  have  studied  the  unit  on  heat  in 
Discovering  Our  World,  Boo\  Two,  they 
should  be  asked  to  recall  the  convection-box 
experiment  (page  114  of  Boo\  Two).  Or  the 
experiment  may  be  repeated  here  if  the  pupils 
do  not  recall  it. 

The  picture  on  page  42  may  be  used  to  sum- 
marize what  pupils  have  learned  by  asking 
them  to  tell  as  completely  as  they  can  what  is 
happening  in  the  picture  and  why  it  happens. 

Questions  (Page  43) 

1.  (*),  (e). 

2.  The  greater  the  difference  in  temperature 
between  two  places,  the  faster  the  air  will  move 
toward  the  warmer  place. 

3.  During  the  day,  the  air  over  the  land  is 
warmer.  It  is  pushed  up  by  the  cooler  air  from 
the  water.  So  the  wind  blows  from  the  water 
to  the  land.  At  night,  the  land  cools  off  more 
quickly  than  the  water  does.  Then  the  air  over 
the  water  is  warmer.  So  the  wind  blows  from 
the  land  to  the  water. 

4.  The  fire  makes  the  air  over  the  forest 
warmer  so  that  the  cooler  air  around  the  forest 
pushes  in,  causing  a wind. 

Why  is  the  sky  clear  or  cloudy? 

(Pages  43-47) 

Concepts 

1.  Water  is  always  evaporating  from  oceans, 
lakes,  rivers,  etc. 

2.  Warm  air  can  hold  more  water  vapor 
than  cold  air. 

3.  When  warm,  moist  air  is  cooled,  the  water 
vapor  condenses. 

4.  When  the  condensed  water  vapor  stays  in 
the  air,  it  forms  clouds  of  different  kinds. 

5.  Fog  is  a cloud  that  has  formed  near  the 
earth’s  surface. 


Experiment 

Page  44:  To  observe  condensation  of  water 
vapor  from  the  air. 

Materials  : Metal  cup,  chipped  ice. 

Information  for  the  teacher 

Pictures.  Page  44.  Water  is  evaporating  from 
the  surface  of  the  lake  or  stream.  The  air  above 
the  water  is  cool  in  the  early  morning.  So  the 
water  coming  from  the  lake  or  stream  con- 
denses to  form  a mist. 

Page  46.  Left,  cumulus.  Right,  stratus.  See 
the  Bibliography  for  books  about  clouds. 

Procedure 

This  problem  may  be  introduced  by  taking 
pupils  outdoors  to  look  at  the  sky  and  to  watch 
the  clouds.  They  may  see  clouds  move,  clouds 
disappear,  and  new  clouds  appear.  The  children 
have  had  experiences  with  evaporation  and  con- 
densation. Using  these  experiences  and  the 
knowledge  they  have  gained  about  winds  and 
air  temperatures,  let  the  pupils  try  to  decide 
what  conditions  can  cause  clouds  and  what 
conditions  can  cause  them  to  disappear.  Then 
these  pages  may  be  read  and  discussed.  The 
pictures  in  the  text  can  be  used  by  pupils  to 
help  identify  different  kinds  of  clouds. 

Questions  (Page  47) 

1.  It  evaporates  from  oceans,  lakes,  rivers, 
wet  soil,  wet  plants,  etc. 

2.  Water  evaporates  into  the  air.  If  this  air 
is  cooled,  it  cannot  hold  so  much  water  vapor. 
So  the  water  vapor  condenses  into  tiny  drops, 
forming  a cloud. 

3.  The  sun  warms  the  earth,  which  warms 
the  air.  The  air  can  then  hold  more  water 
vapor.  So  the  water  in  the  fog  evaporates,  and 
the  fog  disappears. 

4.  (a)  No.  There  is  always  water  vapor  in 
the  air,  but  on  a clear  day  the  air  is  warm 
enough  to  hold  all  that  there  is.  ( b ) No.  You 
can  never  see  water  vapor  because  it  is  an  in- 
visible gas  that  mixes  with  other  gases  in  the 
air.  On  a cloudy  day,  you  see  drops  of  liquid 
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water  or  crystals  of  ice.  ( c ) Yes.  But  the  air 
must  be  cooled  enough  so  that  it  can  no  longer 
hold  all  the  water  vapor  in  it.  The  water  vapor 
condenses  and  can  be  seen. 

5.  The  air  high  above  the  earth  is  usually 
cooler,  and  so  it  holds  less  water  vapor  than 
air  lower  down.  The  plane  is  cooled  in  the 
upper  air.  When  it  comes  down,  water  vapor 
in  the  warmer  air  may  condense  on  the  cool 
plane.  If  the  temperature  is  below  freezing, 
ice  will  form. 

6.  Water  vapor  in  the  warm  air  condensed 
on  the  cold  pipe. 

How  does  water  come  out  of  the  air? 
(Pages  48-49) 

Concepts 

1.  When  the  tiny  droplets  of  water  in  clouds 
join  together  and  fall,  they  make  rain. 

2.  Sometimes  the  water  vapor  freezes  and 
makes  snow. 

3.  Sometimes  raindrops  freeze  and  make 
sleet  or  hail. 

4.  Dew  is  formed  from  water  vapor  that  has 
condensed  near  the  ground  on  soil,  plants,  or 
buildings. 

5.  Frost  is  formed  from  water  vapor  near 
the  ground  that  has  frozen  instead  of  con- 
densing to  water. 

Information  for  the  teacher 

Picture.  Page  48.  Snowflakes.  Snowflakes  are 
usually  six-sided,  occasionally  three-sided. 

Procedure 

This  problem  is  a direct  outgrowth  of  what 
was  learned  in  the  previous  one.  It  may  be  in- 
troduced by  a question  such  as  “What  have 
we  already  learned  that  will  help  us  solve  the 
question  at  the  top  of  page  48?”  After  the 
discussion,  have  the  pupils  read  pages  48-49  to 
check  their  answers. 

Questions  (Page  49) 

1.  It  must  be  cooled  until  it  can  no  longer 
hold  all  the  water  vapor  in  it. 


2.  There  would  be  no  water  vapor  in  the 
air.  So  water  vapor  could  not  condense  to  form 
clouds,  fog,  rain,  snow,  sleet,  hail,  dew,  or  frost. 

3.  See  the  first  complete  paragraph  on  page 
45.  Just  as  cooling  the  cloud  from  a teakettle 
causes  larger  drops  to  form,  so  a cloud  in  the 
sky  that  is  cooled  will  condense  into  large 
enough  drops  to  fall  in  the  form  of  rain. 

4.  No.  Snow  is  formed  directly  from  water 
vapor  when  the  temperature  is  near  freezing 
or  below.  Sleet  is  formed  from  raindrops,  which 
freeze  as  they  fall. 

5.  (a)  Yes.  Raindrops  would  not  be  pulled 
down  to  the  earth;  nor  would  cold  air  move 
and  change  the  temperature,  causing  water 
vapor  to  condense.  ( b ) Yes.  It  may  evaporate 
into  the  air,  condense,  and  then  fall  as  rain, 
snow,  etc.  ( c ) Yes.  They  are  made  of  layers  of 
frozen  rain.  ( d ) No.  Frost  is  formed  directly 
from  water  vapor.  The  water  vapor  freezes 
without  changing  to  water  first.  ( e ) No.  They 
are  formed  when  warm  air  touches  a cool  ob- 
ject and  water  vapor  condenses  directly  on  that 
object. 

What  does  the  weatherman  do? 
(Pages  50-55) 

Concepts 

1.  Weather  is  forecast  each  day  by  the 
Weather  Bureau. 

2.  Weather  maps  are  made  every  day. 

3.  A weather  map  shows  pressure  of  the  air, 
direction  and  speed  of  wind,  amount  of  water 
coming  out  of  the  air,  and  temperature  of  the 
air. 

4.  A weather  forecaster  can  predict  the  next 
day’s  weather  by  studying  the  weather  map. 

Information  for  the  teacher 

Pictures.  Page  50.  Part  of  the  program  of 
the  Air  Forces’  Air  Weather  Service  for  the 
study  of  thunderstorms  and  what  happens  in- 
side them. 

Page  51.  Left,  recording  barometer,  or  baro- 
graph. Right , a tipping-bucket  rain  gauge  on 
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the  roof  of  the  Whitehall  Building,  New  York 
City.  It  is  connected  electrically  with  a recorder 
in  the  Weather  Bureau.  The  rain  caught  in 
the  funnel  flows  into  a partitioned  bucket, 
which  tips  when  a hundredth  of  an  inch  of 
rain  has  fallen.  Each  tip  is  recorded. 

Page  52.  Left,  weather  vane,  or  wind  vane, 
and  anemometer.  The  weather  vane  points  in 
the  direction  from  which  the  wind  is  coming. 
The  anemometer  has  the  three  cup-shaped  de- 
vices, which  catch  the  wind.  The  harder  the 
wind  blows,  the  faster  they  spin.  Right.  The 
balloon  carrying  a radio  is  known  as  a radio- 
sonde. 

Page  53.  A card  of  directions  for  returning 
the  instrument  is  attached  to  each  one  sent  up. 
One  dollar  is  paid  for  each  one  returned. 

Page  54.  A cold  front  is  a boundary  line  be- 
tween a mass  of  cold  air  and  a mass  of  warmer 
air  under  which  the  colder  air  pushes  like  a 
wedge,  usually  moving  southward  or  eastward. 
A warm  front  is  the  boundary  between  a mass 
of  warm  air  and  a mass  or  wedge  of  cold  air 
over  which  the  warm  air  is  forced,  usually  mov- 
ing northward  or  eastward. 

Procedure 

The  discussion  here  centers  around  how 
scientists  are  able  to  forecast  the  weather.  Pu- 
pils may  bring  sample  weather  reports  from 
the  local  paper  and  try  to  decide  what  infor- 
mation the  forecaster  had  to  have  in  order  to 
make  this  report.  Then,  by  reading  the  text  and 
studying  the  pictures,  they  should  find  out  how 
scientists  get  this  information. 

The  weather  map  on  page  54  is  considerably 
simplified.  It  should  be  used  just  to  call  atten- 
tion to  what  may  be  shown  on  such  a map. 

If  pupils  decide  to  keep  records  of  how  often 
the  weather  forecasts  are  accurate  over  a period 
of  time,  the  cautions  given  on  page  54  should 
by  all  means  be  observed. 

Questions  (Page  55) 

1.  Temperature  and  pressure  of  the  air,  di- 
rection and  speed  of  the  wind,  amount  of 
water  coming  out  of  the  air. 


2.  Thermometer,  barometer,  rain  gauge, 
weather  vane,  instrument  that  measures  the 
speed  of  the  wind,  balloon  with  radio  attached. 

3.  By  making  daily  reports  of  weather  at 
the  stations  and  sending  them  to  cities  where 
weather  maps  for  the  whole  country  are  drawn 
and  forecasts  are  made. 

4.  Where  large  masses  of  warm  and  cold 
air  are  and  how  fast  and  in  what  direction 
these  masses  are  moving;  whether  the  air  is 
warm  or  cold,  moist  or  dry;  what  is  happening 
to  the  weather  all  over  the  country. 

5.  It  may  be  true  for  the  large  area  for 
which  it  is  made  but  not  for  some  small  part 
of  that  area.  Also,  weather  may  change  too 
quickly  to  be  forecast  or  may  not  change  as 
conditions  indicate  that  it  will. 

How  do  weather  forecasts  help  us? 
(Pages  55-57) 

Concept 

Weather  reports  help  us  prevent  damage  and 
destruction. 

Information  for  the  teacher 

Pictures.  Page  55.  Any  of  the  large  almanacs 
will  give  the  other  storm  warnings.  These  will 
be  especially  interesting  to  children  living  along 
the  coasts  or  near  the  large  inland  lakes. 

Page  56.  Pilot  and  co-pilot  going  over  the 
weather  map  with  the  dispatcher  before  taking 
off. 

Page  57.  Some  of  these  heaters  burn  oil.  In 
some  places,  wood  fires  are  used  instead. 

Procedure 

This  problem  should  be  made  as  real  to  pu- 
pils as  possible  by  having  them  find  out  which 
people  in  their  own  community  use  weather 
forecasts.  After  the  discussion,  have  them  read 
pages  55-57  to  learn  how  people  in  other  com- 
munities use  weather  forecasts. 

Questions  (Page  57) 

1.  They  help  us  know  how  to  dress,  how 
much  to  protect  or  warm  our  homes,  when  to 
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prepare  for  storms,  frosts,  or  floods,  and  how 
to  make  our  plans  fit  the  weather.  They  , also 
help  us  by  helping  fuel  dealers,  farmers,  ship- 
pers, steamship  companies,  air  lines,  foresters, 
etc. 

2.  They  learn  how  to  make  nearly  correct 
forecasts  so  that  we  can  be  prepared  for  changes 
in  the  weather. 

3.  They  need  to  know  the  weather  high 
above  the  earth  because  it  is  often  different 
from  the  weather  on  the  ground.  They  need 
more  frequent  reports  because  a sudden  change 
in  weather  can  be  a great  danger  to  flying. 

Questions  to  answer  (Page  58) 

1.  Temperature,  moisture,  speed  and  direc- 
tion of  wind. 

2.  It  evaporates  and  changes  to  water  vapor. 

3.  At  night,  the  earth  and  the  air  above  it 
usually  become  cooler.  Cooler  air  cannot  hold  so 
much  water  vapor.  So  some  of  it  may  condense 
into  fog.  In  the  daytime,  the  air  is  likely  to  be- 
come warmer.  It  can  hold  more  water  vapor. 

4.  Some  of  the  water  vapor  in  the  warm  air 
may  condense  into  a cloud;  or  rain,  snow,  etc., 
may  fall. 

5.  It  pulls  down  harder  on  cold  air  than  on 
warm  air.  Cold  air  forces  warm  air  up,  and 
a wind  starts  to  blow.  Wind  may  bring  changes 
in  the  weather.  Also,  gravity  makes  rain,  snow, 
etc.,  fall  to  the  ground. 

6.  On  a cloudy  day  people  use  more  electric 
current  for  lights  than  they  do  on  a clear  day. 
The  electric  companies  must  be  ready  to  supply 
extra  current. 

7.  See  page  40  of  the  text.  Twelve  cubic 
feet  of  air  weigh  about  one  pound.  Multiply 


the  length  of  the  room  by  the  width  by  the 
height  and  divide  by  12. 

8.  Air  in  a warm  room  contains  much  water 
vapor.  When  this  warm  air  touches  the  cold 
pitcher,  the  air  is  cooled.  Cool  air  cannot  hold 
so  much  water  vapor.  So  some  of  the  vapor 
condenses  into  liquid  water  on  the  outside  of 
the  pitcher. 

9.  Page  58.  Left,  hailstones.  Air  currents  car- 
ried raindrops  up  and  down  many  times 
through  layers  of  cold  and  warm  air.  Each 
time  they  went  through  cold  air,  a layer  of  ice 
formed  on  them.  More  and  more  ice  was  added 
until  the  balls  finally  fell  to  the  ground.  Right, 
sleet.  As  rain  fell  to  the  ground,  it  passed 
through  some  air  cold  enough  to  make  it 
freeze. 

Page  59.  Left,  dew.  The  leaves  of  the  plant 
became  cooler  than  the  air  around  them.  Some 
of  the  water  vapor  in  the  air  condensed  on 
the  leaves.  Right,  frost.  The  air  cooled  below 
freezing.  Water  vapor  in  the  air  froze  on  the 
leaves. 

Things  to  do  (Pages  58-59) 

1.  Most  newspapers  give  a brief  forecast  that 
includes  sky  condition,  moisture  fall,  if  any, 
temperature,  and  wind  direction  and  speed. 
Some  newspapers  also  give  a second,  more  de- 
tailed forecast  and  report  including  maps,  tables, 
weather  in  and  around  other  cities  or  areas,  etc. 

2.  Prevailing  winds  vary  from  winter  to 
summer  in  different  parts  of  the  country.  The 
table  below  shows  the  prevailing  winds  in  var- 
ious parts  of  the  country.  (Information  for 
the  table  is  from  T.  A.  Blair,  Climatology , 
pages  141-142.) 


Season 

Central  U.  S. 

Atlantic  States  and 
Eastern  Canada 

Pacific  States  and 
Western  Canada 

Mexico  and 
Florida 

Gulf 

Coast 

Winter 

Northwest 

West  or  northwest 

Southeast,  south, 
or  southwest 

Northeast 

From  the 
interior 

Summer 

South  or 
southwest 

South  or  southwest 

Northwest 

East  or 
southeast 

East  or 
southeast 
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3.  Be  sure  to  set  the  can  above  the  “ground 
splash.”  Newspaper  weather  summaries  and 
almanacs  can  be  used  to  check  results. 

4.  Besides  looking  up  thermometer,  barom- 
eter, rain  gauge,  and  weather  vane,  students 
may  wish  to  know  the  names  of  other  instru- 
ments. Either  a psychrometer  or  a hair  hygrom- 
eter (for  when  the  temperature  is  very  low) 
is  used  to  tell  how  much  water  vapor  is  in  the 
air.  An  anemometer  tells  the  speed  of  the  wind. 
Balloons  sent  up  to  find  winds  aloft  are  called 
pilot  balloons  or,  if  used  at  airports  to  find  the 
altitude  of  the  clouds,  ceiling  balloons.  A larger 
balloon  with  a radio  attached  is  a radiosonde. 
Also  used  are  instruments  that  make  records 
such  as  a recording  thermometer , maximum 
and  minimum  thermometers , a barograph , sun- 
shine recorder , sounding  balloon , and  triple 


register  (connected  to  wind  vane  and  ane- 
mometer) . 

5.  Individual  or  group  activity. 

6.  Although  many  maps  will  be  more  com- 
plicated, all  will  include  such  markings  as  are 
seen  on  the  one  on  page  54  together  with  the 
figures  and  symbols  that  describe  weather  con- 
ditions at  each  reporting  station.  Most  maps 
will  have  a key  to  these  symbols  and  an  ex- 
planation of  other  markings. 

7.  “Any  Truth  to  Weather  Lore,”  Science 
Digest  for  July  1946,  discusses  many  old  say- 
ings in  terms  of  scientific  facts.  The  article  is 
condensed  from  the  book  Science  in  a Chang- 
ing World  by  Cable,  Getchell,  and  Kadesch, 
Prentice-Hall,  1946. 

8.  Groups  may  visit  either  city  weather  bu- 
reaus or  reporting  stations  at  airports. 


UNIT 


How  Is  the  Earth’s  Surface  Changed? 


Purpose  and  scope 

The  aim  of  this  unit,  after  presenting  a bird’s- 
eye  view  of  the  earth’s  surface,  is  to  show  the 
elementary  forces  that  have  changed  this  sur- 
face through  the  ages  and  are  changing  it 
today.  The  pupils  should  find  out  that  there 
are  two  kinds  of  changes,  the  building  up  and 
the  tearing  down,  and  that  over  a long  period 
of  time  these  balance  each  other.  The  time 
element  in  this  unit  is  important — the  length 
of  time  it  takes  to  wear  away  surface  and  the 
length  of  time  necessary  to  rebuild  worn-out 
and  eroded  soils. 

Newspapers  and  magazines  often  contain 
articles  on  flood  control,  prevention  of  erosion, 
“dust-bowl”  problems,  and  kindred  topics,  to 
say  nothing  of  rather  frequent  stories  of  floods, 
earthquakes,  landslides,  and  volcanic  eruptions. 
The  alert  teacher  will  find  an  abundance  of 
material  to  enrich  her  classroom  presentation 
and  to  post  on  the  bulletin  board. 


Much  of  the  material  in  this  unit  will  be  of 
general  interest  to  pupils;  the  problem  on  soil 
conservation  is  especially  important.  The  en- 
tire unit  will  be  more  meaningful  if  it  is  made 
concrete  by  observations  that  pupils  make  in 
their  own  localities.  Many  of  the  pupils  will 
probably  be  interested  in  collecting  and  studying 
rocks. 

Science  background 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

How  Do  We  Know?:  Unit  2,  Land  and 
Water 

Discovering  Our  World,  Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  2,  What  Makes  Things  Move? 
Unit  4,  How  Do  Heating  and  Cooling  Change 
Materials?  Unit  5,  What  Are  Things  Made  Of? 
Unit  9,  How  Can  You  Make  a Garden? 

Discovering  Our  World,  Boo\  Three:  Unit 
2,  How  Does  the  Weather  Change? 
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General  concepts 

1.  The  earth’s  surface  is  made  up  of  water 
and  land  in  many  different  forms. 

2.  The  earth’s  surface  is  always  changing. 

3.  The  land  is  made  up  of  either  rock  or  soil. 

4.  Many  forces  are  at  work  breaking  up 
rocks  and  wearing  them  away. 

5.  Water  changes  the  earth’s  surface. 

6.  Wind  changes  the  earth’s  surface. 

7.  Glaciers  change  the  earth’s  surface. 

8.  Volcanoes  change  the  earth’s  surface. 

9.  Mountain  ranges  are  formed  when  pres- 
sure from  unknown  causes  pushes  up  part  of 
the  earth’s  surface. 

10.  The  soil  must  be  conserved. 

Introducing  the  Unit  (Pages  61-62) 

Information  for  the  teacher 

Pictures.  Page  60.  A scene  in  Monument 
Valley,  Utah. 

Page  61.  A natural  bridge,  such  as  found  in 
Natural  Bridges  National  Monument,  Utah. 

Procedure 

Presenting  a motion  picture  showing  changes 
in  the  earth’s  surface  is  a very  interesting  way 
to  introduce  this  unit,  if  such  a picture  is  avail- 
able. This  is  particularly  true  since  motion  pic- 
tures make  these  concepts  more  real.  Or,  if 
this  is  not  possible,  pupils  may  discuss  these 
questions:  “How  do  you  think  the  surface  of 
the  earth  in  our  region  has  changed?”  “How 
long  do  you  think  it  takes  such  changes  to 
happen?”  Then  they  may  read  pages  61-62. 

See  page  119  of  the  Guideboo\  for  possible 
sources  for  motion  pictures. 

What  is  the  earth’s  surface  made  of? 
(Pages  62-66) 

Concepts 

1.  The  earth’s  surface  is  made  up  of  water 
and  land  in  many  different  forms. 


2.  The  earth’s  surface  is  always  changing. 

3.  The  land  is  made  up  of  either  rock  or  soil. 

a)  There  is  always  rock  under  the  soil. 

b ) There  are  different  kinds  of  rocks  that 
have  been  made  in  different  ways. 

c ) Soil  is  made  from  rock  that  has  been 
broken  up  into  fine  bits,  with  decayed  plant 
and  animal  material  added  to  it. 

Experiment 

Page  66:  To  find  out  what  soil  is  made  of. 
Materials:  Tall  glass  jar  or  bottle,  soil, 
water. 

Information  for  the  teacher 

An  excellent  reference  for  the  teacher,  in- 
cluding many  illustrations  that  will  be  useful 
to  the  pupils,  is  The  Roc\  Boo\  by  Carroll 
Lane  Fenton  and  Mildred  Adams  Fenton.  See 
Bibliography  for  other  helpful  books  about 
rocks  and  soil. 

Procedure 

An  assignment  to  bring  pictures  to  show 
how  the  earth’s  surface  is  different  in  different 
places  might  be  made  to  lead  into  the  first 
problem.  Suggest  also  that  pupils  try  to  find 
different  kinds  of  rocks.  Let  them  show  the 
pictures  they  have  brought  and  also  examine 
those  in  this  part  of  the  unit  to  tell  what  the 
earth’s  surface  is  made  of.  After  this  discussion 
and  observation,  the  pupils  may  read  as  far  as 
the  second  half  of  page  63  to  find  additional 
information. 

The  rocks  brought  by  the  pupils  should  then 
be  examined.  The  paragraphs  following  on 
pages  63  to  66  will  then  help  them  decide  what 
kinds  of  rocks  they  have  found.  It  will  help 
them  tell  how  the  rocks  are  alike  and  how  they 
are  different  from  each  other.  The  pupils 
may  also  be  able  to  tell  what  may  happen  to 
each  kind  of  rock.  It  is  important  in  this  con- 
nection to  see  how  rocks  and  soils  are  related. 

The  study  of  the  various  kinds  of  rocks 
should  be  followed  by  the  experiment  about 
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soil  described  on  page  66  so  that  the  pupils 
will  come  to  understand  (1)  what  soil  is 
made  of  and  (2)  how  soil  can  change. 

Questions  (Page  66) 

1.  (a)  False.  ( b ) True. 

2.  Sandstone  is  made  of  tiny  bits  of  sand 
that  have  settled  to  the  bottom  of  the  ocean. 
Water  and  layers  of  sand  on  top  press  down 
with  great  force  until  these  bits  are  pressed 
together  into  rock.  Limestone  is  made  of  the 
bones  of  fishes  and  shells  of  other  sea  animals 
pressed  together  at  the  bottom  of  the  ocean 
by  the  weight  of  other  layers  and  water  on 
top.  Shale  is  made  of  mud  pressed  into  rock 
at  the  bottom  of  the  ocean  in  the  same  way. 

3.  Marble  is  made  from  limestone  that  was 
heated  and  then  crushed  with  great  force,  prob- 
ably by  layers  of  rock  on  top.  Slate  is  made 
from  shale  that  was  heated  and  crushed. 
Granite  is  an  igneous  rock,  that  is,  a mixture 
of  minerals  that  was  melted  by  great  heat 
inside  the  earth.  The  melted  rock  was  forced 
upward  toward  the  surface,  where  it  cooled. 

4.  No.  Soil  is  made  of  sand,  clay,  and  de- 
cayed plant  and  animal  materials.  The  sand  is 
made  from  tiny  bits  of  rock  and  the  clay  from 
rock  that  has  been  ground  to  powder;  but  the 
decayed  plant  and  animal  material  is  from 
plants  and  animals  that  have  died. 

5.  Great  changes  have  been  made  in  the 
earth’s  surface  since  the  earth  was  just  a ball 
of  rock. 

How  are  rocks  broken  up? 

(Pages  67-69) 

Concepts 

Many  forces  are  at  work  breaking  up  rocks 
and  wearing  them  away. 

a)  Heating  and  cooling  breaks  up  rocks. 

b)  Freezing  water  breaks  up  rocks. 

c ) Plant  roots  break  up  rocks. 

Experiments 

Page  67:  To  show  that  heating  and  cooling 
may  cause  things  to  crack. 


Materials  : Thick  glass  or  bottle,  cold  water, 
hot  water. 

Page  68:  To  observe  that  freezing  water  ex- 
pands and  exerts  a force. 

Materials:  Bottle,  cork,  wire,  water,  means 
of  freezing  water. 

Information  for  the  teacher 

Pictures.  Page  67.  Piles  of  broken  rock  that 
have  accumulated  at  the  bases  of  cliffs  or  steep 
slopes  are  called  talus.  They  are  also  known 
as  talus  slopes.  The  sizes  of  the  pieces  of  rock 
vary  from  pieces  as  small  as  dust  to  large 
blocks.  They  are  usually  broken  from  the  cliff 
or  mountain  sides  by  the  steady  freezing  and 
thawing  of  the  rock  and  finally  by  the  pull  of 
gravity.  Large  pieces  of  rock  falling  onto  the 
pile  and  rolling  over  it  break  up  the  talus  into 
smaller  and  smaller  pieces.  This  is  a picture 
of  the  talus  slope  at  the  base  of  the  east  face 
of  Long’s  Peak,  Colorado.  The  picture  is  taken 
across  Chasm  Lake,  which  is  at  an  altitude  of 
12,000  feet. 

Page  68.  Alternate  contracting  and  expand- 
ing caused  by  changes  in  the  temperature  have 
cracked  the  rock.  Water  will  get  into  the 
cracks,  and  the  freezing  of  the  water  will  widen 
the  cracks  until  pieces  finally  break  off  from 
the  rock. 

Page  69.  As  the  roots  of  these  trees  grow,  they 
will  have  enough  force  to  break  the  rock. 
In  this  way,  they  will  gradually  help  break 
down  the  cliff. 

Procedure 

Pupils  may  examine  the  rocks  they  have 
brought  in  to  try  to  see  how  they  might  be- 
come broken  up  to  make  soil.  The  experi- 
ments described  on  pages  67  and  68  will  help 
them  see  how  temperature  changes  may  cause 
rocks  to  break.  Pages  67-69  may  then  be  read 
for  additional  information. 

Questions  (Page  69) 

1.  Heating  makes  things  expand;  cooling 
makes  them  contract.  When  the  sun  shines  on 
a rock,  the  outside  expands  faster  than  the 
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inside;  and  so  the  rock  cracks.  At  night,  the 
outside  cools  and  contracts  faster  than  the  in- 
side. So  the  cracks  become  larger.  After  much 
heating  and  cooling,  the  cracks  become  so  large 
that  pieces  begin  to  break  off. 

2.  Water  expands  when  it  freezes.  If  rain 
seeps  into  cracks  in  a rock  and  then  freezes, 
the  force  of  the  expanding  water  makes  the 
cracks  larger. 

3.  If  the  seed  falls  into  a crack  where  there 
is  soil,  it  sprouts  and  starts  to  grow.  The  roots 
can  reach  into  very  tiny  cracks.  Growing  roots 
have  enough  force  to  split  rocks. 

4.  Heating  and  cooling  have  made  many 
cracks.  Ice,  rain,  and  melting  snow  have  gone 
into  the  cracks  and  are  breaking  off  pieces. 

How  does  water  change  the  earth’s 
surface?  (Pages  70-74) 

Concepts 

L Water  that  falls  as  rain  or  snow  carries 
soil  from  high  to  low  places  as  it  runs  off. 

2.  The  water  in  streams  has  force  and  can 
carry  soil  and  rocks  along  with  it. 

3.  Water  washes  soil  away  from  some  places 
and  piles  it  up  in  others. 

4.  Moving  water  grinds  rocks  together, 
breaking  them  and  wearing  them  off. 

5.  The  action  of  the  rocks  as  they  are  moved 
along  by  water  digs  the  beds  of  streams  deeper. 

6.  Water  helps  make  caves  in  the  earth. 

Experiment 

Page  71:  To  observe  soil  moved  by  water. 

Materials:  Sand  table  or  sandbox,  bucket 
of  water. 

Information  for  the  teacher 

Pictures.  Page  70.  Some  of  the  soil  is  car- 
ried downstream;  some  is  deposited  at  the 
edges  of  the  stream  as  shown  in  the  picture; 
some  may  be  deposited  on  the  banks  of  the 
stream  farther  down  if  the  stream  overflows. 

Page  72.  The  valley  on  the  right  is  older. 
The  water  has  worn  a wide  path  through  the 
valley  and  slowed  down  so  that  soil  is  deposited 


at  the  sides  of  the  stream,  making  the  flood 
plain  or  flat  valley  bottom.  An  old  valley  is 
U-shaped. 

Page  74.  Carlsbad  Caverns,  New  Mexico. 
The  stone  “icicles”  that  hang  from  the  ceiling 
of  the  cave  are  called  stalactites.  Those  that 
come  up  from  the  floor  are  stalagmites.  Col- 
umns are  formed  when  a stalactite  and  a stalag- 
mite join.  They  are  all  formed  by  the  rede- 
positing of  material  that  has  been  dissolved  by 
ground  water. 

Text.  An  excellent  reference  for  the  teacher 
for  this  and  subsequent  problems  of  this  unit 
is  Down  to  Earth  by  Croneis  and  Krumbein. 
(See  Bibliography.)  It  has  many  excellent  pic- 
tures that  will  be  useful  to  the  pupils. 

Procedure 

This  problem  should  be  presented  by  draw- 
ing on  as  many  first-hand  experiences  as  pos- 
sible, such  as  a field  trip  to  observe  the  effects  of 
streams  on  the  earth’s  surface  or  the  experiences 
of  pupils  who  have  seen  floods  or  visited  caves. 
Use  the  pictures  in  the  text  and  others  collected 
from  papers  and  magazines.  After  the  discus- 
sion of  experiences  and  the  observation  of  pic- 
tures, have  the  pupils  read  the  problem. 

Questions  (Page  74) 

1.  The  rain  or  melting  snow  washes  soil 
into  the  streams. 

2.  The  water  rolls  them  over  and  over  and 
rubs  them  together  until  they  are  worn  round 
and  smooth. 

3.  It  moves  soil  from  one  place  to  another. 
It  wears  down  and  breaks  up  rocks. 

4.  Water  from  rain  or  melting  snow  breaks 
off  pieces  of  rock  and  carries  them  into  streams 
and  rivers.  The  moving  water  wears  down  the 
rock  and  grinds  it  into  tiny  bits.  These  tiny 
pieces  may  be  carried  down  until  the  rivers 
empty  into  the  ocean. 

5.  Stones  are  heavier  than  bits  of  soil.  The 
fast-moving  water  carries  away  the  soil  but 
not  the  larger  stones,  which  settle  to  the  bottom. 

6.  By  water  and  chemical  change.  (See 
pages  73-74  of  the  text.) 
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How  does  wind  change  the  earth’s 
surface?  (Pages  75-77) 

Concepts 

1.  Wind  picks  up  dry  sand  or  soil  from  some 
places  and  piles  it  up  in  others. 

2.  Wind  wears  away  rock  by  blowing  sand 
against  it. 

Experiments 

Page  76:  To  see  how  sand  dunes  are  made. 
Materials:  Sand  table  or  sandbox,  small 
board,  sand,  fan. 

Page  76:  To  show  how  wind-blown  sand 
can  cause  erosion. 

Materials  : Sand,  magnifying  glass  or  micro- 
scope. 

Information  for  the  teacher 

Pictures.  Page  75.  Sand  dunes  near  Yuma, 
Arizona. 

Page  77.  The  Bad  Lands  of  South  Dakota. 
Text.  The  dust  storms  in  western  United 
States  illustrate  the  subject  matter  here.  Sand- 
blasting machines  for  cleaning  stone  and  taking 
the  paint  off  automobiles  are  excellent  illus- 
trations of  the  cutting  power  of  wind-driven 
sand.  Pupils  may  write  for  information  about 
places  in  their  state  that  have  unusual  surface 
forms  such  as  those  pictured  in  this  problem. 
The  state  guides  of  the  American  Guide  Series , 
now  available  for  most  states,  are  excellent 
sources  of  information  about  the  places  of  in- 
terest in  your  region. 

Procedure 

This  problem  may  be  introduced  by  a study 
of  the  picture  of  sand  dunes  on  page  75.  Then 
have  the  class  do  the  experiments  on  page  76. 
The  pupils  should  read  the  text  to  check  their 
findings  and  discuss  the  photographs  on  pages 
76  and  77. 

Questions  (Page  77) 

1.  It  carries  soil  and  sand  from  one  place 
to  another.  It  helps  the  sand  wear  down  and 
break  up  rocks. 


2.  Wind  picks  up  sand  and  carries  it  along 
until  it  comes  to  a hill,  plants,  or  some  other 
obstruction.  The  sand  is  piled  up  here.  Or  if 
the  wind  slows  down,  the  sand  falls  to  the 
ground.  As  more  and  more  sand  falls  in  the 
same  place,  a dune  is  formed. 

3.  Wearing  away  of  the  earth’s  surface. 

4.  (a)  Both.  Water  from  rain,  melting 
snow,  streams,  and  rivers.  Wind  picks  it  up 
and  carries  it  along.  ( b ) Only  water.  Water  can 
carry  larger  pieces  of  rock,  but  wind  can  carry 
only  sand  and  soil,  (e)  Both.  Water  breaks 
off  pieces  of  rock  and  grinds  them  down  as  it 
carries  them  along,  while  wind  blows  sand, 
which  cuts  and  grinds  against  the  rocks.  ( d ) 
Only  wind.  Water  flows  downhill,  carrying 
sand  and  soil  to  lower  places. 

How  has  ice  changed  the  earth’s 
surface?  (Pages  78-80) 

Concepts 

1.  A glacier  is  a great  sheet  of  ice  that  is 
moving  over  the  land. 

2.  Glaciers  scoop  up  great  loads  of  rock  and 
soil  as  they  move  along. 

3.  When  the  glacier  melts,  the  rock  and  soil 
are  dropped,  forming  hills. 

4.  Some  of  the  scooped-out  places  made  by 
the  glacier  are  left  as  valleys;  others  become 
filled  with  water  to  form  lakes. 

Information  for  the  teacher 

Picture.  Page  80.  The  Great  Terminal 
Moraine  at  Moraine  Lake  in  Canada.  It  took 
hundreds  of  thousands  of  years  of  glacial  move- 
ment to  make  this  huge  pile  of  rock.  Moraines 
deposited  at  the  ends  of  glaciers  are  known  as 
terminal  moraines.  Those  left  at  the  sides  are 
lateral  moraines.  Sometimes  material  is  dropped 
under  a glacier.  This  material  forms  a ground 
moraine.  Not  all  terminal  and  lateral  moraines 
will  appear  as  piles  of  bare  rocks  as  the  one  in 
this  picture  does.  In  the  regions  where  the 
moraines  were  deposited  many  years  ago  and 
glacial  action  has  stopped,  they  have  become 
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covered  with  soil  and  vegetation  so  that  they 
appear  as  low  hills  covered  with  plants. 

Text.  Just  why  glaciers  “flow”  is  somewhat 
of  a mystery  to  scientists.  They  think  that  part 
of  the  reason  is  found  in  the  terrific  pressure 
of  the  ice  at  the  center  of  the  glacier.  This 
pressure  could  force  the  ice  to  flow  out  in  all 
directions  from  the  center.  An  excellent  article 
on  glaciers  may  be  found  in  Natural  History 
Magazine  for  October  1947. 

Procedure 

The  picture  of  the  glacier  and  the  map  of  the 
ice  sheet  on  pages  78-79  may  be  used  as  the 
basis  of  discussion.  After  the  discussion,  have 
the  pupils  read  pages  78-80.  The  following 
questions  may  be  used  as  a guide:  “What 
makes  the  glacier  move  forward  and  then 
back?”  “How  does  a glacier  change  the  earth’s 
surface?”  “Have  glaciers  changed  the  earth’s 
surface  where  we  live?” 

If  you  live  in  a glaciated  area,  it  would  be 
very  interesting  to  identify  for  the  children 
certain  land  forms  in  your  vicinity  that  are  the 
result  of  glaciation.  A request  to  the  geology 
department  of  the  state  university  or  the  state 
geological  survey  will  almost  certainly  bring 
detailed  information  on  this  subject. 

It  would  also  be  interesting  to  collect  stones 
that  were  brought  down  by  the  glacier.  A near- 
by stone  quarry  or  outcropping  of  rock  will 
show  what  the  bedrock  of  the  region  is.  Com- 
paring this  rock  with  the  rocks  that  have 
been  collected  will  show  that  the  rocks  must 
have  come  from  some  other  region,  since  the 
bedrock  of  your  locality  is  of  a different  kind. 
Rocks  that  were  deposited  by  glaciers  are  usu- 
ally rounded.  They  may  show  lines  made 
when  other  rocks  rubbed  against  them. 

Questions  (Page  80) 

1.  South  Pole,  Greenland,  Rocky  Moun- 
tains. 

2.  As  a sheet  of  ice  moves  over  the  land,  it 
pushes  off  the  tops  of  hills,  scoops  and  scrapes 
out  great  holes,  picks  up  soil  and  rocks,  and 
carries  them  along  with  it. 


3.  Glaciers  move  very  slowly,  only  a few  feet 
a year. 

4.  Melting  water  filled  low  places  that  had 
been  scooped  out,  making  lakes.  As  the  glaciers 
melted  back,  the  rocks  and  soil  that  had  been 
dragged  along  were  left  behind,  making  hills. 

5.  A ridge  of  rocks  left  at  the  sides  and 
end  of  a glacier  as  it  melted  back. 

How  do  volcanoes  build  up  the  earth’s 
surface?  (Pages  81-84) 

Concepts 

1.  Volcanoes  pour  melted  rock  over  part  of 
the  earth’s  surface. 

2.  They  blow  out  ash  that  may  be  spread 
by  the  winds. 

3.  They  make  mountains  by  building  them- 
selves up  with  lava  and  ash. 

4.  Very  rich  soil  is  made  from  lava  and 
volcanic  ash. 

Information  for  the  teacher 

Pictures.  Pages  82-83.  Paricutin  began  to 
erupt  in  February  1943.  There  are  many  well- 
illustrated  articles  in  recent  periodicals  that 
describe  the  course  of  events  since  that  day. 
Three  excellent  articles  are : “Paricutin  Is  Born,” 
Natural  History  Magazine,  October  1943; 
“Paricutin  Comes  of  Age,”  Natural  History 
Magazine,  October  1944;  “Paricutin,  the  Corn- 
field that  Grew  a Volcano,”  National  Geo- 
graphic Magazine,  February  1944. 

Page  84.  Crater  Lake  is  six  miles  in  diameter 
and  2000  feet  deep. 

Procedure 

To  introduce  this  problem,  have  the  pupils 
read  the  story  of  Paricutin  on  page  81.  The 
pictures  on  pages  82-83  should  also  be  discussed. 
Then  the  pupils  may  read  and  discuss  the  rest 
of  the  problem. 

Questions  (Page  84) 

1.  Points  to  be  brought  out:  (1)  Some  places 
inside  the  earth  are  hot  enough  to  melt  rock. 
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(2)  The  liquefied  rock  and  the  steam  and 
gases  that  are  formed  with  it  are  lighter  than 
the  solid  rock  around  them  and  so  are  forced 
up.  (3)  They  are  pushed  up  with  great  force; 
if  there  is  a weak  spot  in  the  surface,  they  pour 
out  or  burst  out  in  an  explosion  (erupt). 

2.  As  lava,  hot  rocks,  steam,  mud,  and  ash 
pour  out,  they  pile  up  around  the  hole,  making 
a mountain.  Dry  ash  is  carried  by  the  wind  for 
many  miles  before  it  settles  in  layers. 

3.  Steam  condenses  to  water  and  makes  mud 
out  of  the  dry  ash. 

4.  Yes.  It  was  melted  by  great  heat  inside 
the  earth,  then  forced  up  to  the  surface,  where 
it  slowly  cooled.  (See  igneous  roc\,  page  65 
of  the  text.) 

5.  Rock  blown  to  bits  by  the  explosion  of  a 
volcano. 

6.  By  its  cone  with  a crater  in  the  top ; by  the 
kind  of  rock  and  soil  it  is  made  of. 

7.  When  lava  flows  out  on  the  land,  it 
slowly  cools  and  becomes  hard.  This  hard  rock 
is  crumbled  by  rain,  sun,  plants,  and  wind  and 
becomes  part  of  the  soil. 

How  are  mountains  made? 

(Pages  85-87) 

Concept 

Mountain  ranges  are  formed  when  pressure 
from  unknown  causes  pushes  up  part  of  the 
earth’s  surface. 

Experiment 

Page  85:  To  see  how  mountains  may  be 
formed. 

Material:  Sheet  of  paper. 

Procedure 

Have  the  children  read  and  discuss  the  first 
three  paragraphs  of  this  problem  and  do  the 
experiment  pictured  at  the  bottom  of  page  85 
to  clarify  the  idea  of  how  the  forces  operate. 
Study  the  pictures  of  mountains  for  the  pur- 
pose of  contrasting  new  and  old  mountains. 
Then  have  the  children  read  the  entire  prob- 
lem for  additional  information. 


Questions  (Page  87) 

1.  High  on  mountains,  they  have  found 
layers  of  sedimentary  rock  originally  formed 
deep  in  the  ocean.  These  layers  are  often  bent 
up  like  a ridge;  so  some  great  force  must  have 
pushed  sidewise  on  them. 

2.  Young  mountains  are  still  sharp  and 
jagged,  while  old  mountains  have  been  worn 
down  until  they  are  smooth  and  rounded.  (See 
the  pictures  on  pages  86  and  87.) 

3.  If  they  know  when  the  plant  or  animal 
lived,  they  can  tell  how  long  ago  the  rocks 
were  formed.  From  this,  the  scientists  can  tell 
the  age  of  the  mountains  in  which  the  rocks  are 
found. 

How  can  we  conserve  the  soil? 

(Pages  87-92) 

Concepts 

1.  The  soil  must  be  conserved. 

2.  Living  things  could  not  stay  alive  with- 
out soil. 

3.  It  takes  500  to  1000  years  to  make  one 
inch  of  good  soil. 

4.  The  soil  can  be  conserved  in  these  ways: 

a)  Crops  are  planted  across  the  slopes  of 
a hill  instead  of  up  and  down. 

b ) Grass,  trees,  or  other  plants  are  planted 
to  prevent  soil  from  blowing  or  washing 
away. 

Experiment 

Page  91 : To  see  that  plants  help  hold  the  soil. 
Materials:  Slope  covered  with  plants,  slope 
with  no  plants  growing  on  it,  bucket,  water. 

Information  for  the  teacher 

Pictures.  Page  88.  Serious  erosion  of  a steep 
bank  or  hillside. 

Page  89.  A dust  storm  approaching  a small 
town,  which  was  totally  dark  for  an  hour  and 
a half  while  the  storm  passed  over  it. 

Page  90.  This  picture  shows  two  methods  of 
preventing  erosion.  One  way  is  plowing  across 
or  around  the  slope  of  the  hill  instead  of  up 
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and  down.  This  is  called  contour  plowing  be- 
cause the  plow  follows  the  contours  of  the  land. 
The  other  method  is  strip  cropping.  A crop 
that  holds  the  water,  such  as  grass,  is  alter- 
nated with  another  crop  that  does  not  hold 
the  water  so  well,  such  as  corn.  When  the  water 
runs  off  this  latter  section  of  the  hill,  it  is  caught 
by  the  strip  of  grass  below. 

Page  91.  The  vine  used  here  to  bind  the  soil 
is  called  Kudzu  vine.  Since  it  grows  rapidly 
and  has  excellent  soil-binding  and  protecting 
qualities,  it  is  being  widely  used  in  soil  reclama- 
tion projects.  The  two  pictures  show  the  same 
gully  three  months  after  planting  and  again 
three  and  one-half  years  later. 

Text.  Much  material  on  the  necessity  for 
soil  conservation  and  the  methods  of  carrying 
it  out  is  available  to  the  teacher.  State  depart- 
ments of  agriculture  will  furnish  material  for 
your  region.  They  may  also  have  motion  pic- 
tures that  might  be  obtained.  The  Soil  Con- 
servation Service  of  the  United  States  Depart- 
ment of  Agriculture  has  much  valuable  general 
material.  (See  Bibliography.) 

Procedure 

This  problem  on  soil  conservation  is  the 
most  important  in  the  unit.  To  introduce  the 
problem,  pupils  may  take  a field  trip  to  add  to 
the  knowledge  that  they  have  already  acquired 
about  how  the  land  is  eroded.  A motion  picture 
or  a scientist  from  the  local  Soil  Conservation 
Service  will  help  make  this  problem  more 
meaningful.  Have  the  pupils  read  and  discuss 
pages  87-92.  In  the  discussion,  the  importance 
of  soil  conservation  to  the  children  themselves 
as  well  as  to  the  nation  as  a whole  should  be 
stressed.  They  should  become  acquainted  with 
what  is  now  being  done  in  their  locality  to 
conserve  the  soil,  with  the  plans  for  the  future, 
and  with  the  need  for  further  planning. 

Questions  (Page  92) 

1.  We  need  the  soil  to  grow  the  plants  that 
keep  us  alive. 

2.  By  wind  and  water. 


3.  By  planting  trees  on  steep  slopes,  grass  on 
rolling  slopes,  crops  on  gentle  slopes. 

4.  Wind  and  water  carry  away  bare  soil. 

5.  They  eat  the  grass  so  close  to  the  ground 
that  the  grass  cannot  keep  water  or  wind  from 
carrying  the  soil  away.  Soon  the  top  layer  of 
soil  is  gone,  and  plants  will  no  longer  grow. 

Questions  to  answer  (Pages  92-93) 

1.  Pupils  should  find  out  something  about 
the  history  of  the  region  in  which  they  live  and 
how  it  came  to  be  the  way  it  is,  as  well  as  look 
for  smaller  changes  in  the  immediate  vicinity. 

2.  List  may  include  material  from  the  unit, 
such  as:  rivers  and  streams  cut  valleys  and 
make  islands;  rocks  are  worn  down  and  broken 
up;  water  and  wind  carry  away  sand  and 
soil  and  pile  it  up  in  other  places;  glaciers 
scoop  out  rocks  and  soil  and  deposit  them  in 
ridges;  mountains  are  made  by  volcanic  action 
and  forces  within  the  earth.  Answers  to  the 
second  part  can  be  drawn  from  the  unit  and 
from  observations. 

3.  Gravity  pulls  everything  downward  in- 
cluding water,  air,  rock,  soil,  ice,  lava,  ash,  etc. 
It  causes  rocks  to  fall  from  mountains  and 
makes  water  run  downhill,  carrying  sand,  soil, 
and  rock  with  it.  It  causes  sand  to  fall  from 
the  air,  glaciers  to  move  downhill  and  drop 
their  loads  of  soil  and  rock,  rain  to  fall,  etc. 
Because  it  pulls  harder  on  heavier  things,  warm 
air  is  forced  up  and  the  wind  blows,  molten 
rock  is  forced  up,  and  volcanoes  erupt. 

4.  It  may  be  pressed  into  rock  at  the  bottom 
of  the  ocean.  That  rock  may  someday  be  forced 
upward  to  the  surface  or  may  even  form  a 
mountain.  Then  pieces  of  the  rock  may  be 
broken  off  by  water,  heating  and  cooling,  etc. 
Water  and  other  things  break  the  rock  into 
smaller  and  smaller  pieces  until  it  is  sand  that 
can  be  blown  by  the  wind. 

5.  As  it  was  carried  by  the  stream,  it  rolled 
over  and  over  and  rubbed  against  other  stones. 
Bits  of  the  brick  were  broken  off  until  it  be- 
came smooth  and  round. 
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6.  Mud  and  sand  were  washed  from  the 
land  by  rain  and  melting  snow  and  carried 
off  by  rivers.  The  rivers  finally  emptied  into 
the  ocean,  where  particles  in  the  water  settled 
to  the  bottom. 

7.  Heating  and  cooling,  freezing  water, 
plant  roots,  moving  water,  wind,  and  glaciers 
may  be  mentioned. 

8.  When  it  carries  away  soil  that  is  necessary 
for  plant  growth,  it  is  very  harmful.  But  when 
it  grinds  up  rock  to  make  soil  and  wears  down 
mountains,  it  is  helpful. 

9.  Answers  individual  but  should  be  based 
on  the  text. 

Things  to  do  (Page  93) 

1.  Individual  reports. 

2.  Land  at  the  mouth  of  the  river  (the  delta) 
is  built  farther  and  farther  out  into  the  gulf. 
This  land  is  a very  low  plain  through  which 
the  river  flows  very  slowly,  often  changing  its 
course  and  sometimes  flooding. 

3.  Lava  may  vary  in  color  and  form,  depend- 
ing on  the  minerals  of  which  it  is  composed. 
The  structure  of  some  pieces  will  show  that  it 
was  once  a liquid. 

4.  Vesuvius , in  Italy  on  the  Bay  of  Naples, 
has  been  intermittently  active  since  the  year 
79.  The  last  large  eruptions  were  in  1906  and 
1944.  The  present  active  cone  has  grown  up 
around  a vent  on  the  southern  side  of  a much 
greater  prehistoric  crater.  It  is  the  only  active 
volcano  on  the  European  continent. 

Etna,  on  the  east  coast  of  Sicily,  is  the  highest 
volcano  in  Europe,  rising  over  10,000  feet.  It 
has  been  intermittently  active  since  prehistoric 
times.  A destructive  flow  of  lava  occurred 
in  1928.  In  1947,  eruptions  caused  new  craters 
to  be  formed.  The  land  at  its  base  is  extremely 
fertile,  yielding  as  many  as  five  harvests  a year. 

Kra\atoa , an  island  in  the  East  Indies,  was 
one  of  several  cones  within  the  great  crater 
ring  of  a former  volcano.  There  are  a few 
reports  of  earlier  disturbances,  but  none  com- 
pare with  that  of  1883.  Eruptions  began  in 
May.  On  August  27,  four  great  explosions 


blew  up  most  of  the  island,  leaving  a sub- 
terranean cavity  1000  feet  below  sea  level.  Dust 
and  ash  were  carried  thousands  of  miles.  Rocks 
and  pumice  made  new  islands,  while  great 
waves  swept  away  former  ones.  Disturbances 
in  the  air  went  around  the  earth  four  times. 

Pelee , largest  of  several  volcanoes  on  the 
island  of  Martinique  in  the  French  West 
Indies,  has  erupted  three  times  in  recorded 
history.  The  last  and  most  devastating  eruption 
was  in  1902,  when  two  explosions  destroyed 
two  towns  and  killed  many  thousands  of 
people. 

Chimborazo , Ecuador,  is  one  of  the  highest 
mountains  of  the  Andes.  Although  it  has  no 
crater,  it  is  built  on  volcanic  rock  and  so  is 
really  an  extinct  volcano. 

Mauna  Loa,  in  south  central  Hawaii,  has  a 
very  large  crater  floored  with  hard  lava,  which 
steams  in  places.  It  erupts  about  every  five 
years.  On  its  eastern  slope  is  the  still  larger 
crater  of  Kilauea,  which  contains  a lake  of 
liquid  fire  and  smokes  almost  constantly.  It  is 
known  that  the  two  volcanoes  are  not  con- 
nected, for  both  are  active  independently. 

Fujiyama,  the  sacred  mountain  of  Japan,  is 
located  some  60  miles  southwest  of  Tokyo.  It 
last  erupted  in  1707-1708.  The  highest  mountain 
in  Japan,  it  is  known  for  its  beauty  because  it 
is  simple  in  form  and  stands  isolated. 

5-6.  Individual  or  group  activities. 

7.  Rocks  will  vary  a great  deal.  Weather- 
ing often  changes  the  outside  of  a rock  so  that 
it  has  a different  color. 

8.  Individual  or  group  activity.  Railroads 
and  resorts  can  often  supply  pictures. 

9.  All  keep  the  soil  from  being  washed  down 
or  blown  away.  (See  the  picture  on  page  90 
for  contour  plowing  and  strip  cropping.) 

10.  Fields  would  otherwise  be  bare  and  ex- 
posed to  erosion  by  winter  weather. 

11.  These  minerals  are  found  in  coarse- 
grained igneous  rocks  like  granite.  The  hot, 
liquid  rock  cooled  very  slowly  far  underground. 
The  minerals  separated  and  formed  crystals. 
Quartz  crystals  look  like  glass.  Feldspar  is  usu- 
ally white  or  pink.  Mica  is  often  black. 
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UNIT 


Hoiv  Do  Germs  Make  You  Sick? 


Purpose  and  scope 

The  concepts  presented  in  this  unit  have 
practical  value  only  i£  they  function  in  daily 
life.  Whether  pupils  apply  what  they  learn  de- 
pends largely  on  the  attitude  they  acquire. 
Therefore,  this  unit  strives  to  develop  an  intel- 
ligent and  cooperative  attitude  toward  personal 
and  community  health  by  explaining  the  “why” 
and  the  “how”  of  good  health  practices.  As  the 
reasons  for  health  precautions  come  to  be  un- 
derstood, this  attitude  should  become  evident 
in  the  pupils’  behavior.  For  example,  they 
should  make  sanitary  use  of  the  drinking  foun- 
tain, show  care  with  colds,  and  be  willing  to 
follow  the  directions  of  the  school  doctor  or 
nurse. 

The  continuing  conquest  of  germ  diseases  is 
an  inspiring  story  of  patience,  courage,  and 
self-sacrifice.  Through  a study  of  this  unit,  pu- 
pils should  become  aware  of  the  enormous  con- 
tribution of  science  to  their  well-being.  They 
should  also  have  increased  appreciation  for  the 
methods  and  results  of  scientists’  work. 

Science  background 

Discovering  Our  World , Boo\  One : Unit  3, 
How  Does  Your  Body  Work?  Unit  7,  How 
Can  You  Keep  Well? 

Discovering  Our  World , Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  5,  What  Are  Things  Made  Of? 
Unit  7,  Why  Do  You  Need  Food? 

General  concepts 

1.  Many  diseases  are  caused  by  germs. 

2.  The  invention  of  the  microscope  made  it 
possible  to  find  out  about  germs  and  to  develop 
modern  methods  of  fighting  germ  diseases. 

3.  There  are  several  kinds  of  tiny  plants  and 
animals  classed  as  germs. 

4.  Not  all  diseases  are  caused  by  germs. 


5.  When  bacteria  and  other  germs  get  into 
your  body,  they  cause  chemical  changes  that 
make  you  sick. 

6.  Bacteria  and  other  germs  multiply  very 
fast. 

7.  Bacteria  and  other  germs  are  in  or  on 
almost  everything. 

8.  Germs  can  be  spread  easily  from  place  to 
place  and  get  into  your  body. 

9.  Your  body  has  ways  of  preventing  germs 
from  getting  in. 

10.  Your  body  has  ways  of  destroying  germs 
that  do  get  in. 

11.  Vaccines,  serums,  and  drugs  are  chem- 
icals prepared  by  scientists  to  help  your  body 
destroy  germs. 

12.  The  spread  of  germs  can  be  prevented 
by  proper  precautions. 

Introducing  the  unit  (Page  95) 

The  unit  may  be  introduced  by  asking  pu- 
pils to  tell  any  experiences  they  may  have  had 
with  diseases.  A child  who  has  recently  been 
absent  because  of  illness  will  probably  have  a 
good  deal  to  contribute.  He  can  tell  the  class 
what  disease  he  had,  how  long  he  had  it,  how 
he  felt,  what  he  had  to  do,  if  he  were  quaran- 
tined, etc.  Another  child  may  wish  to  tell  the 
class  about  a younger  brother  or  sister  who  has 
had  some  contagious  disease.  Evidence  of  colds 
or  a quarantine  sign  in  the  community  can  also 
be  used  to  start  the  pupils  thinking  about  the 
unit  and  raising  questions. 

Have  the  pupils  read  the  introductory  section 
on  page  95  and  discuss  the  pictures  on  pages 
94  and  95.  The  activity  suggested  in  the  last 
paragraph  should  also  be  carried  out.  The  list 
of  questions  may  be  written  on  the  board  and 
kept  before  the  class  as  the  study  of  the  unit 
progresses. 
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How  have  scientists  learned  about 
germs?  (Pages  95-99) 

Concepts 

1.  Many  diseases  are  caused  by  germs. 

2.  The  invention  of  the  microscope  made  it 
possible  to  find  out  about  germs  and  to  develop 
modern  methods  of  fighting  germ  diseases. 

3.  There  are  several  kinds  of  tiny  plants  and 
animals  classed  as  germs. 

a)  Bacteria  cause  many  diseases,  but  most 

bacteria  are  harmless  and  others  helpful. 

b)  Some  yeasts  and  molds  cause  diseases. 

c ) Certain  tiny  animals  cause  diseases. 

d)  Viruses  are  usually  classed  as  germs. 

4.  Not  all  diseases  are  caused  by  germs. 

Information  for  the  teacher 

Pictures.  Page  96.  Van  Leeuwenhoek  lived 
from  1632-1723.  See  Bibliography  for  references. 

Page  97.  Left.  Pasteur  lived  from  1822-1895. 
Right.  Robert  Koch  lived  from  1843-1910.  See 
Bibliography. 

Page  98.  Left.  The  typhoid  germ  is  a large 
rod  or  bacillus  having  whip-like  appendages 
called  flagella  by  which  the  organisms  can 
move  with  great  speed  through  liquid  me- 
diums. These  flagella  are  one  of  the  character- 
istics used  in  classifying  bacteria;  a special  stain 
is  used  to  bring  them  out.  Right.  The  sleeping- 
sickness  germ  is  a protozoon , or  one-celled  ani- 
mal. This  kind  of  sleeping  sickness  is  the  Af- 
rican sleeping  sickness.  The  germ  is  carried  by 
the  tsetse  fly,  which  passes  it  on  to  people  when 
it  bites  them.  Certain  kinds  of  the  germ  infect 
animals,  too,  so  that  parts  of  Africa  can  scarcely 
be  inhabited  because  of  this  disease.  The  other 
kind  of  sleeping  sickness  called  encephalitis , 
which  occurs  in  the  United  States,  is  caused  by 
a virus. 

Page  99.  Left.  The  whooping-cough  germ  is 
a very  tiny  rod-shaped  bacterium.  Right.  The 
diphtheria  germ  is  a slender,  rod-shaped  bac- 
terium. Sometimes  it  appears  to  look  like  a 
tiny  club. 

Text.  Some  of  the  “little  animals”  that  Leeu- 


wenhoek saw  were  chiefly  protozoa,  but  he  also 
saw  one  of  the  largest  bacteria,  one  of  the  long, 
spiral  forms  often  found  in  the  mouth.  Just  as 
with  other  plants,  there  are  wild  yeasts  and 
cultivated  yeasts.  The  kinds  of  yeasts  that  one 
finds  in  a yeast  cake  are  cultivated;  that  is,  they 
have  been  raised  in  pure  cultures  so  that  bakers 
and  brewers  can  be  sure  of  the  kind  of  yeast 
they  are  getting.  There  are  many  wild  yeasts 
floating  around  in  the  air.  Probably  some  of 
the  smooth  colonies  that  grow  in  the  Petri-dish 
experiment  in  the  next  problem  will  be  yeasts. 
Yeasts  are  also  the  cause  of  certain  diseases, 
such  as  some  kinds  of  ulcers  and  skin  diseases. 
There  will  be  more  about  yeasts  in  Unit  9. 

Viruses  are  so  tiny  that  they  cannot  be  seen 
with  optical  microscopes.  However,  scientists 
have  recently  been  able  to  photograph  some  of 
them  by  using  the  electron  microscope,  which 
magnifies  objects  up  to  200,000  times  their 
actual  size.  In  some  ways,  viruses  seem  to  be 
alive;  they  grow  and  reproduce  only  on  living 
things.  In  other  ways,  viruses  appear  to  be  non- 
living; they  are  giant  protein  molecules  that 
crystallize.  Some  scientists  believe  that  viruses 
may  be  a link  between  non-living  and  living 
matter  and  thus  a clue  to  life  itself. 

Procedure 

This  problem  may  be  introduced  by  raising 
some  questions.  Ask  the  pupils  why  they  think 
that  the  discovery  of  germs  was  so  important. 
After  the  discussion,  ask  them  how  they  think 
that  this  discovery  was  made.  Have  them  recall 
that  germs  are  very  tiny  plants  or  animals. 
Then  the  pupils  should  read  and  discuss  pages 
95-99. 

The  story  told  in  the  text  illustrates  an  im- 
portant fact:  Great  discoveries  are  seldom,  if 
ever,  made  by  just  one  scientist.  Without  the 
microscope  invented  by  Van  Leeuwenhoek, 
Pasteur  could  not  have  seen  the  bacteria  on  the 
silkworms.  Koch’s  work  was  made  possible  by 
Pasteur’s  discoveries.  Pupils  may  wish  to  read 
about  other  scientists  not  mentioned  in  the  text 
and  then  report  to  the  class.  For  an  additional 
activity,  see  Things  to  Do,  page  119,  No.  5. 
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Questions  (Page  99) 

1.  Very  tiny  plants  or  animals  that  can  cause 
diseases.  Bacteria  that  cause  tuberculosis,  ty- 
phoid fever,  and  diphtheria.  Yeasts  and  molds. 
Tiny  animal  germs  that  cause  malaria  and 
sleeping  sickness.  Viruses  that  cause  colds,  in- 
fluenza, smallpox,  mumps,  and  measles. 

2.  (a)  No.  Other  plants  besides  bacteria  are 
germs.  Some  germs  are  animals;  others  are 
viruses,  (b)  No.  Most  bacteria  are  harmless. 
Some  are  helpful,  such  as  those  that  change 
cider  to  vinegar  or  milk  to  cheese,  (c)  No.  Dis- 
eases may  also  be  caused  by  improper  food, 
lack  of  certain  vitamins,  allergies,  worry,  fear, 
etc. 

3.  He  was  studying  wines  to  try  to  find  out 
what  made  them  spoil.  Besides  the  yeasts  that 
he  knew  caused  the  sugar  to  turn  to  alcohol,  he 
found  some  other  tiny  living  things,  bacteria. 
He  also  found  bacteria  in  some  milk  that  had 
become  sour.  From  these  discoveries  he  began 
to  wonder  whether  bacteria  might  cause  dis- 
eases. When  asked  to  find  out  what  was  killing 
the  silkworms,  he  looked  for  and  found  bac- 
teria on  the  silkworms.  By  feeding  these  bac- 
teria to  healthy  silkworms,  he  was  able  to  show 
that  some  bacteria  cause  disease. 

4.  By  enabling  scientists  to  find  the  cause  of 
many  diseases,  many  lives  have  been  and  will 
be  saved. 

How  can  you  grow  bacteria? 

(Pages  100-103) 

Concepts 

1.  Bacteria  can  be  killed  by  sufficient  heat 
and  in  other  ways. 

2.  Bacteria  can  be  grown  by  supplying  food, 
warmth,  and  darkness. 

3.  When  bacteria  and  other  germs  get  into 
your  body,  they  cause  chemical  changes  that 
make  you  sick. 

4.  Bacteria  are  ball-shaped,  rod-shaped,  or 
spiral-shaped. 

5.  Bacteria  and  other  germs  multiply  very 
fast. 


Experiment 

Pages  100-102:  To  grow  some  bacteria. 

Materials:  Six  Petri  dishes,  nutrient  or  po- 
tato agar,  cotton,  six  test  tubes,  hot  oven  for 
baking  dishes,  container  in  which  test  tubes 
can  be  boiled,  gummed  paper  for  labeling  and 
sealing  dishes,  pencil,  milk,  coin,  warm,  dark 
place  where  dishes  can  be  kept. 

Information  for  the  teacher 

Pictures.  Page  102.  Left.  Escherichia  acidi- 
lactici,  common  milk-souring  organism.  Right. 
Staphylococcus  aureus,  organism  found  in 
boils,  infected  wounds,  bone  diseases,  etc. 

Page  103.  Left.  Streptococcus  mitior , organ- 
ism present  in  sore  throats  and  other  secondary 
infections.  Right.  Giant  spirillum , a very  large 
organism  found  in  fresh  water  cultures,  used 
mainly  for  study  of  flagella. 

Text.  Pages  100-102.  The  standard  medium 
for  growing  bacteria  is  agar  to  which  suitable 
nutrients  have  been  added.  The  agar  itself  is 
not  a nutrient;  it  is  the  solidifying  agent.  You 
may  obtain  from  supply  houses  test  tubes  filled 
with  the  correct  amount  of  medium  ready  for 
pouring,  or  a flask  containing  the  medium 
ready  to  be  melted  and  poured.  Or  you  may 
obtain  a dehydrated  medium  called  nutrient 
agar,  which  needs  only  to  be  combined  with 
water  according  to  the  directions  on  the  bottle. 
(Nutrient  agar  has  beef  broth  as  its  chief 
nutrient.)  However,  a very  satisfactory  agar 
medium  can  easily  be  made;  and  making  the 
medium  adds  much  to  the  experience  of  grow- 
ing bacteria.  The  medium  given  below  is  po- 
tato agar.  Agar  can  be  purchased  at  a drug 
store,  usually  in  the  form  of  long  shreds. 

Peel  three  potatoes  and  wash  them.  Cut  them 
into  thin  slices  and  boil  them  in  a quart  of 
water  for  eight  or  ten  minutes.  Leave  the  po- 
tatoes in  the  water  and  pour  off  a pint  of  liquid. 
Strain  this  liquid  through  a clean  white  cloth. 

Cut  half  an  ounce  of  agar  into  small  pieces 
and  drop  them  into  the  liquid.  Stir  the  liquid 
and  the  agar  and  let  it  stand  for  ten  minutes. 
Now  heat  the  agar  until  you  are  sure  it  has 
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completely  dissolved.  Complete  solution  of  agar 
requires  a boiling  temperature  and  may  take 
a little  time.  When  the  agar  is  completely  dis- 
solved, strain  the  liquid  again.  To  make  strain- 
ing easier,  heat  the  cloth  by  pouring  boiling 
water  through  it.  Bring  the  volume  of  liquid 
up  to  a pint  if  some  has  been  lost  during  the 
boiling.  Then  pour  the  liquid  into  the  test 
tubes.  Fill  each  test  tube  about  half  full.  Plug 
the  test  tubes  lightly  with  a wad  of  cotton 
batting. 

Stand  the  test  tubes  in  a small  pan  contain- 
ing about  three  inches  of  water.  If  possible,  put 
a small  piece  of  wire  screening  on  the  bottom 
of  the  pan  so  that  the  test  tubes  do  not  rest 
directly  on  the  bottom  of  the  pan.  Boil  them 
slowly  for  forty-five  minutes.  Allow  the  test 
tubes  to  cool  overnight.  The  next  day  boil  them 
again  for  the  same  length  of  time.  The  agar  is 
then  considered  sterilized  and  ready  to  be 
placed  in  the  Petri  dishes  when  needed. 

The  Petri  dishes  must  be  sterilized,  too.  This 
may  be  done  in  a hot  oven.  Wrap  the  dishes  in 
newspaper  (the  six  in  one  package)  and  heat 
to  about  350°  F.  for  one  hour.  Keep  the  dishes 
wrapped  in  the  paper  until  they  are  used. 

When  you  want  to  pour  the  food  into  the 
Petri  dishes  for  use,  heat  the  solid  agar  in  the 
test  tubes  until  it  is  completely  liquefied.  When 
pouring  the  agar  into  a dish,  lift  the  cover  just 
enough  to  insert  the  mouth  of  the  test  tube,  as 
shown  in  the  picture  on  page  100. 

Page  103.  Under  ideal  conditions,  one  bac- 
terium will  divide  and  multiply  into  16,777,216 
bacteria  in  twelve  hours. 

Procedure 

The  food  for  the  bacteria  experiment  must 
be  prepared  in  advance.  Unless  the  food  and 
Petri  dishes  are  sterile,  the  results  of  the  experi- 
ment will  be  unreliable.  Follow  the  directions 
given  above.  If  some  of  the  pupils  wish  to  help 
in  the  preparation,  supervise  their  work  care- 
fully. The  pupils  can  report  what  they  did  be- 
fore the  class  begins  the  experiment. 

If  at  all  possible,  the  experiment  should  be 
done  because  it  provides  dramatic  evidence  of 


the  widespread  occurrence  of  bacteria.  Children 
who  bite  their  fingernails  or  put  pencils,  coins, 
and  fingers  in  their  mouths  will  be  less  likely 
to  continue  these  unsanitary  habits  when  they 
observe  the  results.  The  directions  for  planting 
the  dishes  must  be  carefully  followed.  Al- 
though the  bacteria  grown  in  the  dishes  may 
be  harmless,  do  not  let  the  pupils  touch  the 
growths.  The  dishes,  each  accompanied  by  an 
explanation,  may  be  kept  for  a time  and  used 
as  an  exhibit. 

After  the  experiment  has  been  performed  and 
the  results  observed,  have  the  pupils  read  the 
rest  of  the  problem  and  examine  the  pictures  on 
pages  102-103.  They  should  also  complete  the 
table  begun  on  page  103.  The  total  number  of 
bacteria  will  astound  them. 

Questions  (Page  103) 

1.  To  kill  any  bacteria  already  on  them. 

2.  The  cotton  prevented  more  bacteria  from 
getting  in  while  the  heat  sterilized  the  food. 

3.  To  prove  that  the  live  bacteria  did  not 
come  from  the  food. 

4.  All  are  plants  that  have  one  cell.  They 
have  different  shapes. 

5.  By  dividing  into  two  smaller  plants  that 
grow  to  full  size  and  divide. 

6.  Because  some  bacteria  cause  chemical 
changes  inside  your  body  and  can  make  you 
sick. 

How  do  germs  get  into  your  body? 
(Pages  104-107) 

Concepts 

1.  Bacteria  and  other  germs  are  in  or  on  al 
most  everything. 

2.  Germs  can  be  spread  easily  from  place  to 
place  and  get  into  your  body. 

a)  Air  or  moisture  from  a sick  person’s 
nose  or  mouth,  or  his  dishes,  clothing,  etc., 
may  spread  germs. 

b ) Impure  water,  milk,  and  other  foods 
may  spread  germs. 

c ) Flies  carry  germs  on  their  bodies  and 
spread  disease. 


46  GUIDEBOOK 


d ) Insects  such  as  mosquitoes,  lice,  fleas, 
etc.,  may  spread  germs  by  biting  people. 

e ) Rats  and  mice  carry  lice  and  fleas  on 
their  bodies  and  spread  disease. 

Information  for  the  teacher 

Pictures.  Page  106.  The  lamps  are  slender, 
gas-filled  tubes  that  give  off  ultraviolet  rays 
which  kill  bacteria.  The  rays  are  given  off 
when  an  electric  current  passes  through  the  gas 
in  the  tube. 

Page  107.  Be  sure  that  the  children  under- 
stand that  the  trail  of  bacteria  from  the  fly’s 
feet  was  made  when  the  bacteria  grew  into 
visible  colonies  on  the  plate.  The  bacteria  on  the 
fly’s  feet  are  too  small  to  see.  But  when  they  are 
deposited  in  a place  favorable  for  growth,  they 
multiply  and  form  colonies  that  are  visible. 
This  will  be  clear  if  the  pupils  recall  the  experi- 
ment in  the  preceding  problem. 

Procedure 

Pupils  will  usually  bring  to  this  problem  a 
good  deal  of  information  from  personal  expe- 
riences and  earlier  science  study.  The  problem 
is  intended  as  a review,  clarification,  and  sum- 
mary of  this  information.  Have  the  pupils  use 
the  concepts  developed  in  the  preceding  prob- 
lems to  recall  what  they  already  know  about 
how  germs  get  into  their  bodies.  Write  on  the 
board  the  various  ways  that  are  mentioned  by 
the  pupils  in  which  germs  are  spread.  Then  let 
them  read  the  text  and  examine  the  pictures. 
The  list  on  the  board  should  now  be  revised 
and  any  additions  made.  Keep  the  final  list, 
since  it  will  be  used  again  in  the  last  problem 
of  the  unit.  For  additional  activities,  see  Things 
to  Do,  page  119,  Nos.  4 and  7. 

Questions  (Page  107) 

1.  Through  cuts,  burns,  or  other  skin  open- 
ings; by  breathing  air  or  eating  food  that  has 
been  exposed  to  the  spray  from  coughing  and 
sneezing;  by  putting  germ-covered  pencils,  fin- 
gers, etc.,  in  the  mouth;  by  handling  things 
used  by  a sick  person;  from  impure  water, 


milk,  or  other  foods;  from  flies  that  leave 
germs  on  food;  from  mosquitoes,  lice,  and  fleas 
that  bite  sick  people. 

2.  The  other  person  may  be  sick,  and  so  the 
cup  or  glass  may  have  germs  on  it. 

3.  To  keep  the  germs  in  the  spray  from 
spreading. 

4.  Page  104:  The  paper  towel;  bandaged 
knee;  using  a handkerchief.  Page  105:  Wash- 
ing fruit;  drinking  from  a fountain.  In  each  of 
these  pictures,  care  is  taken  not  to  let  germs 
into  the  body. 

5.  Anything  that  you  touch  may  have  had 
germs  on  it.  If  your  unclean  hands  then  touch 
food,  the  germs  may  easily  get  into  your  body. 

How  does  your  body  fight  germs? 
(Pages  108-110) 

Concepts 

1.  Your  body  has  ways  of  preventing  germs 
from  getting  in. 

a)  Your  skin  keeps  many  germs  from 
ever  getting  inside  your  body. 

b)  Tiny  hairs  and  a sticky  liquid  in  your 
nose  stop  some  of  the  germs  that  are  breathed 

in. 

2.  Your  body  has  ways  of  destroying  germs 
that  do  get  in. 

a)  White  corpuscles  in  your  blood  gather 
at  the  place  where  the  germs  are  and  kill 
them. 

b ) Your  body  makes  materials  that  kill 
germs,  weaken  them,  or  destroy  the  poisons. 

e)  Your  body  can  make  these  germ  fight- 
ers more  easily  if  it  is  well  and  strong. 

Information  for  the  teacher 

Picture.  Page  109.  There  are  several  kinds 
of  white  corpuscles.  Two  kinds  are  shown  in 
this  picture.  White  corpuscles  are  classified  ac- 
cording to  size,  shape  of  the  nucleus,  and  the 
way  in  which  they  stain.  Some  are  known  as 
phagocytes  (cell  eaters)  because  they  eat  or  dis- 
solve cells,  such  as  bacterial  cells. 

Text.  The  sticky  liquid  in  the  nose  is  called 
mucus. 
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Procedure 

At  this  point  in  the  unit,  some  of  the  pupils 
may  begin  to  wonder  why  they  are  not  sick 
most  of  the  time,  as  indicated  in  the  first  para- 
graph on  page  108.  To  introduce  the  problem, 
ask  the  pupils  why  they  think  it  is  important 
not  to  cut  or  burn  themselves.  Also  ask  why 
cuts  or  burns  should  be  promptly  taken  care  of 
and  refer  to  the  picture  on  page  108.  The  ques- 
tions will  bring  out  the  concept  that  the  skin 
keeps  many  germs  from  getting  into  the  body. 
Now  have  the  pupils  read  and  discuss  the  first 
three  paragraphs  on  page  108. 

Then  ask  what  happens  when  germs  do  get 
into  the  body.  Have  the  pupils  recall  what  they 
learned  on  pages  102-103.  (When  germs  get 
into  your  body,  they  cause  chemical  changes 
that  make  you  sick.  Germs  multiply  very  fast.) 
Let  the  pupils  read  the  next  three  paragraphs, 
which  summarize  and  extend  these  concepts. 

Pupils  are  now  ready  to  read  and  discuss  the 
rest  of  the  problem.  Stress  the  fact  that  your 
body  can  fight  germs  better  if  it  is  well  and 
strong.  Have  pupils  recall  some  of  the  ways  in 
which  they  can  keep  their  bodies  healthy,  such 
as  eating  the  proper  foods,  getting  the  right 
amount  of  exercise  and  rest,  keeping  your  skin 
clean,  etc. 

Questions  (Page  110) 

1.  Skin;  tiny  hairs  and  the  sticky  liquid  in 
the  nose. 

2.  They  settle  in  the  place  where  they  can 
live  best  and  begin  to  grow  and  multiply  by 
using  your  body  for  food.  As  they  grow,  they 
make  toxins,  which  get  into  your  blood. 

3.  White  corpuscles  in  the  blood  pass  into 
cells  where  germs  are  and  eat  the  germs.  Also, 
certain  cells  make  materials  that  can  kill 
germs,  make  germs  more  appetizing  to  white 
corpuscles,  or  change  toxins  to  make  them 
harmless. 

4.  A toxin  is  a poison.  An  antitoxin  is  a 
material  that  changes  toxins  and  makes  them 
harmless.  Your  body  makes  antitoxins.  Germs 
make  toxins. 


How  do  scientists  help  your  body  fight 
germs?  (Pages  110-112) 

Concepts 

Vaccines,  serums,  and  drugs  are  chemicals 
prepared  by  scientists  to  help  your  body  destroy 
germs. 

a)  Vaccines  prevent  disease  by  causing 
your  body  to  make  antitoxins  that  make  the 
germs  harmless. 

b)  Serums  prevent  disease  because  they 
contain  antitoxins. 

c ) Scientists  have  discovered  several  new 
drugs  that  will  kill  bacteria  which  get  into 
the  body. 

Information  for  the  teacher 

Pictures.  Page  110.  A doctor  examines  a 
boy’s  throat  by  use  of  a tongue  depressor  and 
light  reflected  by  a head  mirror. 

Page  111.  Boy  is  being  vaccinated. 

Page  112.  This  serum  is  used  as  a preven- 
tive against  tetanus,  gas  gangrene,  scarlet  fever, 
diphtheria,  and  other  diseases. 

Text.  This  problem  deals  with  immunity 
given  to  the  body  by  vaccines  and  serums,  and 
with  certain  drugs  that  have  been  developed  to 
fight  bacterial  infections.  The  type  of  immunity 
produced  by  vaccines  is  called  active  immunity , 
because  the  body  itself  is  active  in  producing 
the  antibodies  (antitoxins),  etc.  The  body  is 
stimulated  to  produce  the  antibodies  by  the  in- 
troduction of  the  bacteria  themselves  or  the 
toxin  produced  by  the  bacteria  as  they  grow. 
The  type  of  immunity  conferred  by  a serum  is 
called  passive  immunity , because  the  body  that 
receives  it  has  not  made  the  antibodies.  They 
have  been  made  in  the  body  of  some  animal 
(such  as  a horse  in  the  case  of  diphtheria  anti- 
toxin) or  in  the  body  of  someone  who  has  had 
the  disease. 

The  first  sulfa  drug  was  sulfanilamide.  This 
had  certain  bad  effects,  so  that  many  other 
sulfa  drugs  were  prepared  and  tried  out.  To- 
day, the  most  common  sulfas  are  sulfadiazine 
and  sulfathiazole.  Penicillin  is  made  by  a mold, 
Penicillium  notatum , which  is  related  to  one 
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kind  of  bread  mold.  An  even  newer  drug,  strep- 
tomycin, is  also  made  from  a one-celled  plant, 
Streptomyces  griseus.  This  drug  has  shown  en- 
couraging results  in  the  treatment  of  tubercu- 
losis. 

Procedure 

A good  way  to  introduce  this  problem  is  to 
ask  the  pupils  who  have  been  vaccinated  to 
raise  their  hands.  Practically  all  of  them  should 
do  this.  Let  them  tell  how  and  when  they  re- 
ceived the  vaccination.  They  should  also  men- 
tion the  disease  for  which  they  were  vaccinated. 
Ask  them  whether  they  had  the  disease  after- 
wards. Then  say,  “Do  you  think  vaccination  is 
a good  way  to  prevent  this  disease?  Why  do 
you  think  so?”  After  the  discussion,  have  the 
pupils  read  the  first  three  paragraphs  to  check 
their  conclusion  and  to  find  additional  informa- 
tion. 

Many  of  the  pupils  will  have  had  “shots,” 
or  inoculations,  for  diphtheria,  whooping 
cough,  and  possibly  scarlet  fever.  However, 
since  these  are  usually  given  early  in  life,  the 
children  may  not  recall  them.  If  necessary,  have 
the  pupils  ask  their  parents  or  the  family  doctor 
whether  they  received  “shots”  for  any  of  these 
diseases.  The  inoculations  are  made  with  var- 
ious serums,  which  may  be  given  either  before 
or  after  the  disease  is  contracted.  Some  of  the 
pupils  may  have  had  measles  serum.  As  with 
vaccines,  raise  questions  and  then  have  the  pu- 
pils read  the  next  two  paragraphs  of  the  text 
to  find  out  about  serums. 

The  rest  of  the  problem  deals  with  the  so- 
called  “miracle”  drugs,  the  sulfas  and  penicil- 
lin. Some  of  the  pupils  or  members  of  their 
families  have  undoubtedly  taken  these  drugs 
during  an  illness.  Have  the  pupils  read  to  the 
end  of  the  problem  and  then  discuss  what  they 
have  learned.  For  additional  activities,  see 
Things  to  Do , page  119,  Nos.  2,  6,  and  8. 

Questions  (Page  112) 

1.  A liquid  put  into  a person’s  body  to  pre- 
vent a disease.  It  helps  the  body  produce  anti- 
toxins. 


2.  A liquid  put  into  a person’s  body  to  pre- 
vent or  cure  a disease.  It  contains  antitoxins 
that  make  toxins  harmless. 

3.  New  drugs  such  as  the  sulfas  and  penicil- 
lin have  been  discovered  that  will  cure  diseases 
from  which  people  might  otherwise  have  died. 

How  can  we  keep  germs  from 
spreading?  (Pages  113-117) 

Concepts 

The  spread  of  germs  can  be  prevented  by 
proper  precautions. 

a)  Water,  milk,  and  other  foods  should  be 
kept  pure  and  clean. 

b ) Garbage  and  rubbish  should  be  cleaned 
up  to  help  get  rid  of  flies  and  rats. 

c ) Flies,  mosquitoes,  lice,  and  fleas  should 
be  destroyed. 

d ) People  with  diseases  that  can  easily  be 
carried  to  others  should  be  quarantined. 

e ) Chemicals  should  be  used  to  kill  germs 
in  sickrooms. 

Experiment 

Page  113:  To  find  out  how  water  is  filtered. 
Materials:  Lamp  chimney,  piece  of  cloth, 
piece  of  string  or  rubber  band,  clean  gravel, 
clean  sand,  muddy  water,  two  glasses. 

Information  for  the  teacher 

In  some  places  certified  mil\  is  often  used. 
This  is  raw  (unpasteurized)  milk  that  is  pro- 
duced and  bottled  under  such  clean  conditions 
that  the  milk  can  be  certified  to  have  an  exceed- 
ingly low  bacterial  count.  It  is  presumably  safe 
as  far  as  germs  are  concerned,  and  it  keeps 
longer  because  of  fewer  milk-souring  bacteria. 
However,  there  is  always  danger  of  infecting 
the  milk  at  some  stage  in  the  production.  For 
this  reason  and  because  the  milk  costs  more  due 
to  the  increased  cost  of  meeting  the  production 
requirements,  it  is  not  so  widely  used  as  pas- 
teurized milk. 

Pasteurizing  milk  does  not  kill  all  the  bac- 
teria in  the  milk,  but  fortunately  all  the  dis- 
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ease-producing  forms  are  killed  by  this  degree 
of  heat.  Milk-souring  organisms  and  many 
other  harmless  bacteria  are  resistant  to  the  tem- 
perature used  in  pasteurizing.  Though  these 
bacteria  are  harmless,  the  numbers  present  in 
the  milk  are  an  indication  of  the  cleanliness 
surrounding  the  milk  during  production  and 
handling.  There  are  several  grades  of  pasteur- 
ized milk.  Grade  “A”  has  the  lowest  number 
of  bacteria  both  before  and  after  pasteurizing. 

Articles  on  the  use  of  DDT  appear  in  many 
of  the  current  and  recent  magazines.  DDT 
should  not  be  used  indiscriminately.  It  is  poi- 
sonous to  people,  pets,  and  farm  animals  as 
well  as  many  insects. 

The  terms  germicide  and  disinfectant  are 
often  confused  or  used  interchangeably  with 
antiseptic.  As  the  text  indicates,  germicide 
means  germ  killer;  that  is,  the  germ  is  actually 
killed.  A disinfectant  is  also  a germicide.  An 
antiseptic,  however,  only  inhibits  the  growth 
and  activities  of  the  germs.  If  the  antiseptic 
situation  is  removed,  the  germs  may  start  grow- 
ing again.  Some  materials  that  are  used  as 
germicides  may  be  only  antiseptic  in  action  if 
the  solution  is  made  weaker. 

Procedure 

To  introduce  this  problem,  refer  to  the  list  of 
ways  in  which  germs  get  into  the  body.  (See 
pages  104-107  of  the  text.)  Ask  the  pupils  how 
they  can  use  what  they  have  already  learned 
to  keep  germs  from  spreading.  Write  the  sug- 
gestions on  the  board.  Then  let  the  pupils  read 
and  discuss  the  first  three  paragraphs  on  page 
113.  Now  have  the  pupils  read  the  next  para- 
graph and  do  the  experiment.  After  they  have 
observed  the  results,  they  should  read  down  to 
the  last  paragraph  on  page  114.  Then  ask  them 
to  tell  how  the  water  they  drink  is  made  pure. 

Before  the  children  read  the  next  two  para- 
graphs about  pure  milk,  have  them  examine  the 
labels  on  milk  bottles  or  cartons.  The  label 
should  give  the  name  of  the  dairy,  the  grade  of 
milk,  and  the  date  (or  day)  before  which  it 
must  be  sold;  it  should  also  tell  whether  the 
milk  is  pasteurized  or  certified.  The  pictures  at 


the  top  of  page  115  can  be  used  to  start  the 
study  of  the  next  paragraph,  which  deals  with 
pure  food.  In  a similar  way,  use  the  picture  on 
page  116  to  begin  the  study  of  insect  control, 
which  is  taken  up  in  the  next  three  paragraphs. 

The  rest  of  the  unit  should  now  be  read  and 
discussed.  If  necessary,  pronounce  quarantine , 
germicide,  fumigate,  and  epidemic  for  the  pu- 
pils, or  have  them  refer  to  Science  Words  for 
the  pronunciation.  To  summarize  the  problem 
and  conclude  the  unit,  ask  the  school  doctor  or 
nurse  to  give  a talk  to  the  class.  Pupils  should 
be  encouraged  to  look  for  places  where  germs 
may  be  spread  at  school,  at  home,  and  in  the 
community.  Individuals  or  groups  may  make 
these  investigations  and  report  their  findings  to 
the  class.  For  additional  activities,  see  Things 
to  Do,  page  119,  Nos.  1,  3,  9,  and  10. 

Questions  (Page  117) 

1.  A visit  to  or  a talk  by  some  member  of 
a health  board,  sanitary  board,  a county  nurse 
or  doctor  will  help  answer  this. 

2.  Answers  may  include:  by  inspection  of 
barns,  cows,  dairies,  milk  containers,  and  by 
pasteurizing  the  milk  itself. 

3.  Many  schools  require  regular  physical  ex- 
aminations, maintain  a doctor  or  nurse  to  treat 
or  send  home  students  who  are  ill,  keep  first- 
aid  material  on  hand,  keep  careful  checks  on 
lunchrooms  or  any  other  handling  of  food,  ster- 
ilize locker  rooms,  etc. 

4.  Keep  away  from  others  to  prevent  the 
spread  of  disease.  Pupils  may  also  tell  about 
their  own  experiences. 

5.  List  may  include:  water  must  be  kept 
pure  by  filtering,  spraying  through  air,  adding 
chemicals,  and  testing;  milk  must  be  pasteur- 
ized; all  dairies,  milk  containers,  and  handlers 
kept  clean;  stores  and  restaurants  must  be  kept 
clean  and  all  food  protected  or  refrigerated; 
dirt  and  rubbish  must  be  cleared  away  and 
burned  and  garbage  collected  frequently;  mos- 
quitoes and  flies  should  be  killed  and  buildings 
screened  from  them;  sick  people  must  be  quar- 
antined. 
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6.  Answers  may  include:  filtering,  spraying, 
chemicals,  and  testing. 

7.  By  spreading  oil  where  they  breed  or 
spraying  them  with  DDT. 

Questions  to  answer  (Page  118) 

Pictures.  Left.  The  water  is  tested  frequently 
and  known  to  be  free  of  disease  germs.  Right. 
People  who  handle  food  must  be  very  careful 
to  wash  their  hands  to  remove  any  germs  that 
might  be  on  them.  Germs  are  easily  spread  on 
food  because  it  is  a good  place  for  them  to 
grow. 

1.  Germs  are  too  small  to  be  seen  by  the 
naked  eye.  After  the  microscope  was  invented, 
scientists  saw  bacteria  and  then  learned  that 
some  of  them  were  germs. 

2.  Some  diseases  are  more  easily  carried 
from  one  person  to  another. 

3.  The  experiment  was  not  done  carefully. 
The  dish  or  the  food  was  not  sterilized  well 
enough,  because  no  live  bacteria  should  be  in 
Dish  6. 

4.  Vaccine  kept  people  from  getting  typhus. 
DDT  killed  the  lice  and  fleas  that  carried  the 
disease. 

5.  Boil  it.  By  pasteurizing  it. 

6.  List  may  include : clean  and  bandage  cuts, 
burns,  etc.,  immediately;  keep  fingers,  pencils, 
coins,  etc.,  out  of  your  mouth;  wash  hands  and, 
if  necessary,  food  before  eating;  avoid  sick  peo- 
ple and  any  objects  they  have  handled;  insist 
on  pure  water,  milk,  and  food;  take  frequent 
baths;  blow  your  nose  gently. 

7.  Stay  home;  call  a doctor. 

8.  It  can  usually  make  enough  white  cor- 
puscles or  antitoxins  to  kill  germs  before  they 
can  make  you  sick. 

9.  Keep  clean;  eat  the  proper  foods;  get 
enough  exercise  and  rest. 

10.  Wash  hands  frequently;  use  handker- 
chief when  coughing  or  sneezing;  stay  away 
from  people  when  sick;  sterilize  and  fumigate 
after  an  illness,  etc. 

11.  Ali\e:  They  are  both  put  into  your  body 
to  keep  you  from  getting  diseases.  Different: 


Vaccine  makes  your  body  produce  antitoxins. 
Serum  contains  antitoxins. 

12.  Horses  help  produce  serum  for  dipF 
theria.  When  diphtheria  toxin  is  put  into  a 
horse,  its  body  produces  antitoxins  and  pours 
them  into  the  blood.  Serum  can  then  be  made 
from  this  blood. 

13.  Many  germs  are  carried  by  people;  and  so 
the  more  people  in  a place,  the  more  germs 
there  are  to  be  spread.  Also,  closer  contact 
spreads  germs  more  easily. 


Things  to  do  (Page  119) 


1.  Individual  or  group  activity.  Many  cities 
make  complete  reports  every  hour  with  extra 
checks  every  half  hour  or  fifteen  minutes,  de- 
pending on  weather  or  other  conditions. 

2 and  4.  Encyclopedias  and  many  medical 
books  give  these  stories.  (Also  see  pamphlets 
on  health  in  the  Bibliography.) 

3.  Individual  or  group  activity. 

5.  Cows  may  have  tuberculosis;  sheep  have 
anthrax,  caused  by  bacteria.  Cattle  have  hoof- 
and-mouth  disease  caused  by  a virus.  Some 
common  plant  diseases  are  wheat  rust,  corn 
smut,  apple  scab,  chestnut  blight,  wilts  of 
tomatoes,  asters,  etc.,  all  caused  by  fungi.  Many 
other  plant  and  animal  diseases  can  be  found 
by  consulting  encyclopedias,  general  botany, 
zoology,  or  biology  texts. 

6.  Fleming  discovered  penicillin  in  1929.  But 
it  was  not  purified  until  ten  years  later  when 
Dr.  Howard  B.  Florey  directed  work  on  it  at 
Oxford,  England.  Its  great  value  was  not 
known  until  then.  Only  more  recent  books  will 
contain  information  on  its  discovery. 


7.  Disease 
Malaria 
Yellow  fever 

Typhus 

African  sleeping 
sickness 

Rocky  Mountain 
spotted  fever 
Plague 


Carried  by 

Mosquito  (Anopheles) 
Mosquito 

(Aedes  aegypti) 
Body  louse,  flea 
Tsetse  fly 

Tick  on  cattle  and 
some  wild  animals 
Fleas  on  rats 
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8.  Many  current  and  recent  magazines  as 
well  as  encyclopedias  have  articles  on  the  sulfa 
drugs.  Sulfanilamide,  used  in  infections  with 
streptococci,  gonococci,  and  meningococci,  is 
the  base  from  which  most  other  sulfa  drugs 
were  made.  Most  common  are:  sulfapyridine 
for  certain  types  of  pneumonia;  sulfathiazole 
for  pneumococcus  and  staphylococcus  infec- 
tions; sulfadiazine  for  pneumonia,  streptococ- 
cus and  staphylococcus  infections,  and  meningi- 
tis; and  sulfaguanidine  for  bacillary  dysentery 
and  colonic  surgery. 


9.  History  books  and  encyclopedias  give  ac- 
counts of  the  Black  Death  of  1330  to  1350  and 
again  (this  time  known  as  Bubonic  Plague)  in 
the  seventeenth  century.  Some  of  the  earliest 
recorded  epidemics  date  back  to  Roman  times. 
From  then  on,  Europe  was  devastated  at  inter- 
vals by  smallpox,  leprosy,  scurvy,  influenza, 
measles,  chicken  pox,  typhus,  whooping  cough, 
malaria,  and  other  diseases  that  are  difficult  to 
diagnose  due  to  conflicting  reports.  Periods  of 
war  nearly  always  brought  epidemics. 

10.  Individual  or  group  activity. 


UNIT 


How  Do  We  Use  Electric  Current? 


Purpose  and  scope 

Everywhere  in  their  daily  living,  pupils  en- 
counter electric  current,  as  it  is  used  to  help 
them  in  many  ways.  This  unit  will  help  the 
children  become  better  acquainted  with  this 
useful  source  of  energy  and  learn  to  use  it  safely 
as  well  as  to  appreciate  its  importance.  Since 
the  usefulness  of  electric  current  and  some  of 
the  fundamental  facts  about  it  are  the  essential 
ideas  to  be  understood,  technical  terms  have 
been  kept  to  a minimum.  The  concepts  devel- 
oped in  this  unit  furnish  a valuable  background 
for  later  study  of  science.  For  example,  the  next 
unit  of  this  book  deals  with  light,  for  which 
electric  current  is  widely  used. 

Science  background 

Loo\  and  Learn:  Unit  2,  Machines 

All  Around  Us:  Unit  2,  Getting  Work  Done 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Levers 

Discovering  Our  World , Boo\  One:  Unit  6, 
What  Can  Magnets  Do? 

Discovering  Our  World,  Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  3,  How  Is 
Our  Work  Made  Easier?  Unit  5,  What  Are 
Things  Made  Of? 


Discovering  Our  World,  Boo\  Three:  Unit 
1,  What  Makes  Sound? 

General  concepts 

1.  Electric  current  can  be  produced  by  chem- 
ical change  or  by  generators  that  use  the  energy 
of  water,  steam,  wind,  or  exploding  gas. 

2.  Electric  current  will  flow  only  when  there 
is  a closed  circuit. 

3.  Electric  current  always  follows  the  short- 
est possible  path. 

4.  Electric  current  flows  through  conductors 
but  not  through  non-conductors , or  insulators. 

5.  Electrical  appliances  and  wires  may  be  ex- 
tremely dangerous  if  they  are  not  used  carefully 
or  insulated  properly. 

6.  Buildings  are  protected  from  short  circuits 
by  fuses  and  circuit  breakers. 

7.  Electric  current  can  be  controlled  by 
switches  and  transformers. 

8.  Electric  current  can  be  used  to  make  heat. 

9.  Electric  current  can  be  used  to  give  light. 

10.  Electric  current  can  be  used  to  make  a 
magnet. 

11.  An  electromagnet  can  make  things  move. 

12.  A telegraph,  an  electric  bell,  and  an  elec- 
tric motor  all  work  by  using  electromagnets. 
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Introducing  the  unit  (Page  121) 

Information  for  the  teacher 

Picture.  Page  120.  Part  of  Lake  Shore  Drive, 
Chicago,  at  night.  The  tall  building  with  the 
beacon  is  the  Palmolive  Building.  The  beacon 
on  top  of  this  building  was  formerly  called  the 
Lindbergh  Beacon  but  is  now  known  as  the 
Palmolive  Beacon.  It  is  used  as  a guide  both  by 
airplanes  and  boats  approaching  the  city. 

Procedure 

To  start  this  unit,  let  the  children  study  the 
picture  on  page  121  and  tell  what  they  think  it 
shows.  Then  have  them  read  and  discuss  the 
story  in  the  text.  They  may  wish  to  tell  about 
similar  happenings'  in  their  own  community. 
(In  parts  of  the  country  where  snow  is  uncom- 
mon, interruptions  of  electrical  service  are 
sometimes  caused  by  strong  winds,  thunder- 
storms, floods,  'etc.) 

Now  raise  some  questions  about  what  hap- 
pened in  the  story  and  let  the  pupils  try  to 
answer  them.  For  example,  ask  why  the  lights 
in  the  city  went  out  when  the  wires  snapped, 
how  batteries  could  supply  current,  and  how 
current  was  produced  in  the  powerhouse.  The 
pupils’  answers  should  be  revised  as  the  study 
of  the  unit  progresses. 

Where  does  electric  current  come  from? 
(Pages  122-126) 

Concepts 

1.  Electric  current  can  be  produced  by  chem- 
ical change  in  a dry  cell  or  a wet  cell. 

2.  Electric  current  can  be  produced  by  gen- 
erators that  use  the  energy  of  moving  water, 
steam,  wind,  or  exploding  gas. 

Experiments 

Page  122:  To  find  out  what  is  inside  a dry 
cell. 

Materials  : Old,  worn-out  dry  cell  (No.  6 dry 
cell  if  possible) . 

Pages  123-124:  To  make  a wet  cell  and  show 
how  it  works. 


Materials  : Glass  tumbler  or  small  glass 
jar,  sulphuric  acid  and  water,  strip  of  zinc  and 
strip  of  copper,  each  one  inch  wide  and  five 
inches  long,  two  to  three  feet  of  covered  copper 
wire,  small  electric-light  bulb  and  socket, 
small  electric  bell. 

Information  for  the  teacher 

The  active  chemical  in  most  dry  cells  is 
ammonium  chloride,  or  sal  ammoniac.  There 
is  usually  some  manganese  dioxide  in  the  mix- 
ture to  prevent  hydrogen  from  collecting  on  the 
carbon  rod.  Hydrogen  on  the  carbon  rod  stops 
the  chemical  action  of  the  cell.  When  the  zinc 
is  changed  into  a “soft,  white  powder,”  it  be- 
comes zinc  oxide. 

When  mixing  the  water  and  sulphuric  acid 
for  the  wet  cell,  be  sure  to  pour  the  acid  slowly 
into  the  water.  If  the  water  is  poured  into  the 
acid,  a dangerous  spattering  occurs.  It  is  a good 
precaution  to  have  some  household  ammonia  or 
baking  soda  handy  to  neutralize  any  acid  that 
may  be  spilled. 

The  drinking  glass  or  glass  jar  used  for  the 
wet  cell  should  be  thin  glass  rather  than  thick, 
since  thick  glass  may  be  cracked  by  the  heat 
produced  in  mixing  acid  and  water. 

When  making  electrical  connections,  always 
be  sure  that  the  points  of  contact  are  clean  and 
the  connections  tightly  made;  otherwise  the 
current  cannot  flow. 

The  bubbles  that  collect  on  the  metal  strips 
in  the  wet  cell  are  bubbles  of  hydrogen.  Con- 
sult a high-school  general  science  or  chemistry 
text  if  further  details  about  the  chemistry  of 
dry  and  wet  cells  are  desired. 

Procedure 

Ask  the  pupils  to  name  the  two  sources  of 
electric  current  mentioned  in  the  story  on  page 
121  (powerhouse,  batteries).  Have  them  recall 
the  concepts  relating  to  electrical  energy  and 
the  transformation  of  energy  in  Discovering 
Our  World , Boo\  Two,  Unit  2,  and  those  relat- 
ing to  chemical  change  in  Unit  5 of  the  same 
book.  The  important  concepts  to  be  recalled  are 
as  follows: 
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1 Electric  current  can  be  made  in  two  ways. 

a)  Electric  current  is  made  to  flow  by  a 

machine  that  is  run  by  some  other  force. 

b ) Electric  current  is  made  to  flow  by  an 

electric  cell. 

2.  One  form  of  energy  can  be  changed  into 
another  form  of  energy. 

Now  have  the  pupils  examine  a dry  cell,  fol- 
lowing the  directions  and  using  the  picture  on 
page  122.  Then  let  them  read  to  the  end  of  the 
first  paragraph  on  page  123  and  discuss  what 
they  have  learned.  Stress  the  fact  that  a battery 
really  means  two  or  more  cells  connected  to- 
gether. 

The  pupils  should  next  perform  the  experi- 
ment with  the  wet  cell  described  and  illustrated 
on  page  123.  Warn  them  not  to  touch  the  acid 
or  get  it  on  their  clothing.  If  the  cell  is  properly 
made  and  connected,  it  will  produce  enough 
current  to  light  a small  bulb  or  ring  a small 
bell.  Now  let  the  pupils  read  and  discuss  the 
text  down  to  the  end  of  the  first  column  on 
page  124.  If  a storage  battery  is  available,  they 
should  examine  it.  They  may  also  wish  to  carry 
out  the  activity  suggested  in  Things  to  Do, 
page  155,  No.  3. 

The  rest  of  the  problem  deals  with  the  source 
from  which  we  get  most  of  our  electric  current. 
Before  or  after  reading  and  discussing  the  text, 
the  children  should  have  an  opportunity  to  see 
a generator  in  operation.  If  possible,  they 
should  take  a trip  to  the  local  powerhouse  (or 
substation),  as  suggested  in  Things  to  Do,  page 
155,  No.  1.  (In  communities  where  there  are 
no  power  lines,  pupils  may  observe  generators 
in  farm  power  plants  or  in  automobiles.)  An- 
other activity  is  given  in  Things  to  Do,  No.  9. 

Questions  (Page  126) 

1.  A chemical  change  must  take  place. 

2.  The  chemical  change  stops.  Then  no  more 
current  can  be  made. 

3.  A battery  is  two  or  more  cells  connected 
together. 

4.  Unlike  a storage  battery  made  of  wet  cells, 
a dry  cell,  when  dead,  cannot  be  charged  to  sup- 
ply current  again. 


5.  Moving  water.  Water  from  a dam  or 
waterfall  rushes  through  the  turbine,  making 
the  generator  turn.  Steam.  Burning  coal  or 
some  other  fuel  changes  water  to  steam,  which 
is  forced  against  the  blades  of  the  turbine,  mak- 
ing the  generator  turn.  Moving  air.  Wind  turns 
a windmill  that  is  connected  to  a generator. 
Exploding  gas.  When  gas  explodes  in  a gaso- 
line or  Diesel  engine,  it  pushes  with  enough 
force  to  turn  a generator. 

6.  Answers  will  vary  with  the  community. 
Probably  steam  or  moving  water. 

How  do  we  connect  electrical 
appliances?  (Pages  127-129) 

Concepts 

1.  Electric  current  will  flow  only  when  there 
is  a closed  circuit,  or  path  from  the  source  of 
the  electric  current  through  the  appliance  and 
back  again  to  the  source. 

2.  Electrical  appliances  may  be  dangerous  if 
they  are  not  handled  properly  and  used  care- 
fully. 

Experiments  and  observations 

Page  127 : To  show  that  electric  current  flows 
only  in  a closed  circuit. 

Materials:  Two  pieces  of  insulated  copper 
wire,  small  electric-light  bulb  and  socket,  dry 
cell. 

Page  128:  To  observe  the  circuit  in  an  electric 
cord. 

Materials  : Cords  of  electric  iron  and  toaster. 

Information  for  the  teacher 

Picture.  Page  129.  The  meter  may  be  on  the 
outside  or  inside  of  the  house.  If  three  wires 
enter  the  meter,  two  of  them  are  “hot  wires” 
and  the  other  is  the  ground,  or  neutral,  wire. 

Text.  This  problem  develops  the  concept  of 
a circuit,  which  is  essential  to  an  understanding 
of  how  we  use  and  control  electric  current. 
Every  complete  circuit  consists  of  at  least  three 
parts:  (1)  a source  of  current  (cell,  generator), 

(2)  a path  for  the  current  (usually  wires),  and 

(3)  a device  to  use  the  current  (light  bulb, 
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toaster,  bell,  motor,  etc.).  The  preceding  prob- 
lem dealt  with  the  principal  sources  of  current. 
This  problem  is  concerned  primarily  with  the 
path  for  the  current.  Later  problems  will  take 
up  some  of  the  devices  that  use  the  current. 

Procedure 

To  introduce  the  problem,  let  the  pupils  try 
to  answer  the  question  stated  in  the  problem 
title.  They  will  probably  say  that  they  connect 
an  electrical  appliance  by  plugging  it  in  or  turn- 
ing a switch.  Then  raise  questions  such  as, 
“Why  must  you  do  this?”  “What  happens 
when  you  do  it?”  etc.  Write  the  answers  on 
the  board  and  then  have  the  pupils  do  the 
experiment  described  and  illustrated  on  page 

127.  Every  child  should  have  this  experience, 
since  a knowledge  of  the  meaning  of  open  and 
closed  circuits  is  necessary  to  an  understanding 
of  the  rest  of  the  unit.  ^ 

After  the  pupils  have  read  and  discussed  the 
text  down  to  the  second  paragraph  on  page 

128,  let  them  examine  the  cords  of  electric  irons 
and  toasters  and  then  read  to  the  end  of  page 

128.  The  children  may  wish  to  trace  the  wires 
that  bring  electric  current  to  their  homes  or  to 
the  school  building.  If  a new  building  is  being 
constructed  in  the  community,  try  to  arrange 
a trip  to  see  how  the  wires  are  being  installed. 

The  children  should  now  read  and  discuss 
the  last  paragraph  and  the  safety  rules  on  page 

129.  Needless  to  say,  these  rules  and  similar 
ones  in  the  next  four  problems  should  be  thor- 
oughly understood  and  faithfully  followed. 
Thousands  of  tragic  accidents  occur  every  year 
because  people  are  careless  in  using  electric 
current.  To  bring  this  fact  forcefully  to  the 
pupils,  urge  them  to  carry  out  the  activity  sug- 
gested in  Things  to  Do,  page  155,  No.  12. 

Questions  (Page  129) 

1.  A circuit  through  which  current  will  flow. 
A circuit  that  is  broken  so  that  current  will  not 
flow. 

2.  It  becomes  an  open  circuit,  and  the  cur- 
rent stops  flowing. 


3.  It  goes  from  the  outlet  through  one  prong 
at  the  end  of  the  cord  to  one  wire  in  the  cord, 
through  the  socket  into  one  prong  of  the  appli- 
ance, through  the  appliance,  back  out  the  other 
prong,  through  the  socket  and  the  other  wire 
in  the  cord,  and  out  the  other  prong  of  the 
cord  to  the  outlet. 

4.  Yes.  If  not,  there  would  be  no  current. 

5.  If  you  do  not,  you  can  be  badly  burned  or 
even  killed. 

Why  are  electric  wires  covered? 
(Pages  130-132) 

Concepts 

1.  Electric  current  always  follows  the  short- 
est possible  path. 

a ) When  electric  current  leaves  its  in- 
tended path  and  follows  a shorter  one,  a 
short  circuit  is  produced. 

b ) A short  circuit  prevents  the  electric 
current  from  reaching  the  appliance  in- 
tended for  its  use. 

c ) A short  circuit  makes  wires  get  hot 
enough  to  start  a fire. 

d ) To  prevent  short  circuits,  insulated 
wires  are  used. 

2.  Electric  current  flows  easily  through  ma- 
terials called  conductors  but  not  through  mate- 
rials called  non-conductors , or  insulators. 

3.  Electric  wires  may  be  extremely  danger- 
ous if  they  are  not  properly  insulated. 

Experiments 

Page  130:  To  find  out  what  a short  circuit  is. 
Materials  : Dry  cell,  small  electric-light  bulb 
and  socket,  bare  copper  wire. 

Page  131 : To  show  why  wires  are  insulated. 
Materials:  Dry  cell,  small  electric-light  bulb 
and  socket,  insulated  copper  wire. 

Pages  131-132:  To  show  that  wires  are  heated 
when  a short  circuit  takes  place. 

Materials  : Same  as  for  page  130. 

Information  for  the  teacher 

Picture.  Page  131.  Different  kinds  of  glass 
and  porcelain  insulators. 
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Procedure 

Follow  the  same  general  procedure  used  in 
the  preceding  problem.  Raise  questions  and  let 
the  pupils  try  to  answer  them.  For  example,  if 
the  pupils  traced  the  wires  in  their  homes  or 
school,  or  visited  a building  under  construction, 
ask  them  whether  the  wires  were  bare  or  cov- 
ered. Ask  the  same  question  about  the  wires 
used  in  the  experiment  on  page  127  and  the 
cords  for  electrical  appliances.  Now  ask  why 
they  think  electric  wires  are  covered.  Then  have 
the  pupils  do  the  experiments  and  check  their 
findings  by  reading  the  text.  The  safety  rules 
on  page  132  should  then  be  read  and  discussed. 

As  an  additional  activity,  the  pupils  may  wish 
to  plan  and  carry  out  an  experiment  to  find  out 
whether  various  materials  are  conductors  or 
non-conductors.  Use  the  same  apparatus  as  that 
pictured  on  page  130  but  cut  one  of  the  wires. 
Then  connect  the  ends  of  this  wire  to  different 
materials.  Use  articles  made  of  wood,  glass, 
porcelain,  rubber,  cloth,  plastics,  and  metals. 
The  carbon  rod  from  an  old  dry  cell  may  also 
be  tested.  If  the  bulb  lights,  the  material  is  a 
conductor.  Only  the  metals  and  the  carbon  will 
conduct  electric  current.  (If  water  is  tested,  it 
will  not  conduct  current.  One  dry  cell  does  not 
have  enough  voltage,  or  electrical  pressure,  to 
force  current  through  water.  At  the  much 
higher  voltage  used  in  buildings,  ordinary 
water  is  a conductor  of  electricity.) 

Questions  (Page  132) 

1.  See  the  picture,  page  130. 

2.  Non-conductors  are  used  to  cover  and  in- 
sulate wires.  Current  will  not  flow  through 
a non-conductor.  The  covering  must  be  scraped 
off  to  be  sure  that  current  will  flow  through  the 
circuit  at  the  places  where  connections  are  made. 

3. 

How  do  we  protect  our  buildings  from 
short  circuits?  (Pages  133-135) 

Concepts 

1.  Buildings  are  protected  from  short  circuits 
by  fuses  and  circuit  breakers. 


2.  To  use  fuses  safely,  certain  rules  must  be 
followed. 

Experiment 

Page  133:  To  show  how  a fuse  works. 

Materials:  Plug-type  fuse,  block  of  wood, 
strip  of  tin  foil,  two  pieces  of  insulated  copper 
wire,  thumbtacks,  dry  cell. 

Information  for  the  teacher 

Pictures.  Page  134.  This  is  the  common  plug- 
type  fuse.  The  size  used  in  most  circuits  is 
labeled  “15  A”  or  “15  Amps,”  which  means  15 
amperes,  the  largest  current  that  the  fuse  will 
carry  without  melting.  Fuses  for  currents  larger 
than  30  amperes  are  usually  of  the  cylindrical, 
or  cartridge,  type. 

Page  135.  The  circuit  breaker  shown  here,  in 
very  simplified  form,  is  the  thermostatic  type, 
which  is  operated  by  heat.  The  strip  is  made 
of  two  different  metals  firmly  fastened  together. 
As  the  metals  are  heated,  one  expands  faster 
than  the  other,  bending  the  strip  and  opening 
the  circuit.  Another  type  of  circuit  breaker,  the 
electromagnetic , is  operated  by  an  electromag- 
net. This  type  is  sometimes  used  on  machines, 
such  as  washing  machines,  which  are  run  by 
electric  motors. 

Text.  When  the  conductors  in  a circuit  carry 
more  current  than  they  were  designed  to  carry, 
an  overload  occurs.  This  may  be  caused  by  at- 
taching too  many  appliances  at  one  time  or  by 
a short  circuit,  which  is  really  a severe  overload. 

Procedure 

Have  the  pupils  read  and  discuss  the  first 
two  paragraphs  on  page  133.  Many  of  the  chil- 
dren will  have  had  experiences  like  the  one  de- 
scribed in  the  second  paragraph.  Let  them  tell 
about  these  experiences,  describing  what  hap- 
pened and  what  was  done  to  turn  the  current 
on  again.  Now  ask,  “How  do  you  think  a fuse 
can  turn  the  current  off?”  To  find  the  answer 
to  this  question,  the  pupils  should  examine  a 
new  fuse  and  do  the  experiment  described  and 
illustrated  on  page  133.  Then  have  them  check 
their  conclusions  by  reading  down  to  the  last 
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paragraph  on  page  134  and  studying  the  pic- 
tures. 

After  the  pupils  have  read  and  discussed  the 
last  paragraph  and  the  picture  on  page  135, 
they  should  study  the  safety  rules.  Rule  3 
should  be  given  careful  attention,  as  some  pu- 
pil is  almost  sure  to  report  using  a coin  to  re- 
place a burned-out  fuse.  An  experiment  will 
show  why  this  is  a dangerous  practice.  Repeat 
the  fuse  experiment,  using  a penny  or  a piece 
of  copper  wire  in  place  of  the  tin  foil.  (Pennies 
are  made  of  copper.)  The  coin  or  copper  wire 
will  get  hot,  but  it  will  not  melt  and  open  the 
circuit.  Point  out  the  fact  that  the  wires  leading 
to  the  block  also  get  hot.  Compare  them  with 
the  wires  in  a building.  Even  if  the  overheated 
wires  do  not  start  a fire,  they  may  melt.  Then 
an  expensive  job  of  rewiring  will  have  to  be 
done. 

An  additional  activity  is  suggested  in  Things 
to  Do,  page  155,  No.  5.  The  school  janitor  or 
engineer  will  probably  be  glad  to  show  the  pu- 
pils where  the  fuses  are  that  control  the  current 
to  their  schoolroom.  Pupils  should  also  be  en- 
couraged to  look  for  fuses  or  circuit  breakers 
in  their  homes. 

Questions  (Page  135) 

1.  It  makes  wires  so  hot  that  they  sometimes 
start  a fire. 

2. 

3.  Circuit  breakers  can  be  reset;  they  do  not 
have  to  be  replaced  as  fuses  do. 

How  do  we  control  electric  current? 
(Pages  136-137) 

Concepts 

1.  Electric  current  can  be  turned  on  or  off  by 
closing  or  opening  the  circuit  with  switches. 

2.  Electric  current  can  be  made  stronger  or 
weaker  by  using  a transformer  or  more  cells. 

Experiment 

Page  136:  To  show  how  a push  button  works. 

Materials  : Electric  push  button,  electric  bell, 
insulated  copper  wire,  dry  cell. 


Information  for  the  teacher 

As  mentioned  earlier  in  this  unit,  every  cir- 
cuit consists  of  at  least  three  parts : a source  of 
current,  a path  for  it,  and  a device  to  use  it. 
Most  of  the  circuits  that  we  commonly  use  con- 
tain a fourth  part:  some  type  of  switch  to  turn 
the  current  on  or  off.  This  problem  discusses 
this  additional  part  of  a circuit  and  also  men- 
tions transformers. 

In  the  push-button  experiment,  one  dry  cell 
may  not  provide  a strong  enough  current  to 
ring  the  bell.  Larger  bells  will  not  operate  un- 
less two  or  more  dry  cells  are  connected  to- 
gether as  shown  in  the  picture  on  page  145. 
If  you  wish,  you  may  use  a small  electric-light 
bulb  and  socket,  as  in  the  earlier  experiments, 
instead  of  an  electric  bell. 

Besides  the  push  button,  another  common 
kind  of  switch  is  the  knife  switch,  shown  in  the 
picture  at  the  left  on  page  154.  The  metal  lever 
comes  into  contact  with  the  metal  grip  below 
it,  thus  closing  the  circuit.  The  knife  switch 
stays  closed  without  holding  it  down.  To  open 
the  circuit,  the  lever  must  be  pulled  up  again. 
Other  kinds  of  switches  are  snap  switches,  tog- 
gle switches,  and  telegraph  keys. 

A familiar  kind  of  transformer  is  the  one 
seen  on  many  light  poles.  It  is  usually  a square 
or  cylindrical  box  hung  near  the  top  of  the  pole. 
A transformer  changes  the  voltage  of  electric 
current.  A step-up  transformer  increases  the 
voltage,  and  a step-down  transformer  decreases 
it.  A transformer  on  a pole  near  a house  de- 
creases the  high  voltage  (6900  or  2300  volts)  of 
the  power  line  to  a voltage  (115-230  volts)  that 
can  be  used  in  the  house.  The  small  trans- 
former used  for  electric  trains  further  decreases 
the  voltage  of  the  house  current  to  the  5,  10,  or 
15  volts  that  the  motor  of  the  toy  train  can  use. 

Procedure 

Have  the  pupils  recall  what  they  did  in  the 
experiment  on  page  127  and  in  the  experiments 
that  followed.  Raise  questions  such  as,  “How 
did  you  make  the  bulb  light?”  “How  did  you 
make  the  tin  foil  melt?”  etc.  The  answers 
should  bring  out  the  fact  that  in  each  case 
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something  was  connected  to  a dry  cell,  the 
source  of  electric  current.  Connecting  the  bulb 
or  tin  foil  in  this  way  made  a closed  circuit. 
Now  ask,  “How  did  you  turn  the  bulb  off?” 
“What  happened  when  the  tin  foil  melted?” 
The  answers  should  indicate  that  in  each  case 
the  connection  was  broken  and  the  circuit  was 
opened.  Then  say,  “Do  you  think  there  is  an 
easier  way  to  turn  electric  current  on  or  off?” 
“How  do  we  turn  the  lights  on  and  off  in  this 
room  ? ” 

The  pupils  should  verify  their  answers  by 
doing  the  experiment  on  page  136  and  reading 
the  text  down  to  the  last  paragraph  on  that 
page.  Be  sure  that  they  use  the  pictures.  Then 
they  should  examine  as  many  types  of  switches 
as  possible  to  see  how  the  switches  control  elec- 
tric current.  Now  the  pupils  are  ready  to  study 
and  discuss  the  rest  of  the  problem,  including 
the  safety  rules.  For  additional  activities,  see 
Things  to  Do,  page  155,  Nos.  2 and  10. 

Questions  (Page  137) 

1.  It  turns  the  current  on  or  off  by  closing 
the  circuit  or  by  opening  it. 

2.  Connect  several  dry  cells  together. 

3.  Close  and  open  the  circuit  by  connecting 
and  disconnecting  wires. 

4.  A transformer  decreases  the  current  so 
that  the  right  amount  of  current  flows  through 
the  motor  or  bell.  The  house  current  is  too 
strong. 

How  do  we  use  electric  current  to  make 
heat?  (Pages  138-139) 

Concepts 

1.  When  electric  current  flows  through  a 
wire  that  is  a poor  conductor,  the  wire  becomes 
hot. 

2.  In  electrical  heating  appliances,  the  heat- 
ing element  is  a poor  conductor. 

Experiments  and  observations 

Page  138:  To  find  out  how  electric  current  is 
changed  to  heat. 

Materials  : Dry  cell,  short  piece  of  iron  wire. 


Page  138:  To  observe  the  heating  element  of 
an  electric  iron. 

Material  : Old  electric  iron  that  can  be  taken 
apart. 

Information  for  the  teacher 

The  wire  used  in  many  heating  elements  is 
nichrome,  a wire  that  has  been  especially  de- 
veloped for  this  purpose.  It  is  a mixture,  or 
alloy,  of  nickel  and  chromium  that  does  not 
melt  or  burn  when  red-hot.  The  wire  is  wound 
around  some  insulator,  such  as  mica  or  porce- 
lain. Mica  is  a transparent  mineral  that  splits 
into  thin  and  somewhat  flexible  sheets.  Some- 
times it  is  called  isinglass.  When  the  wire  has 
been  properly  mounted  on  the  insulator,  it  is 
put  into  the  iron,  toaster,  or  other  heating  de- 
vice. 

Procedure 

Up  to  this  point  in  the  unit,  pupils  have  been 
learning  about  the  parts  of  a circuit  that  pro- 
duce electric  current,  carry  it,  or  control  it. 
With  this  problem,  they  will  begin  the  study 
of  various  devices  that  use  electric  current.  To 
introduce  the  problem,  ask  the  pupils  to  name 
as  many  electrical  heating  appliances  as  they 
can.  They  will  probably  mention  electric  irons, 
toasters,  coffee  pots,  stoves,  heating  pads,  etc. 

Now  raise  the  question,  “Where  does  the 
heat  come  from?”  Usually  the  pupils  will  an- 
swer, “From  the  electric  current.”  If  they  do 
not  give  this  answer,  ask  further  questions  such 
as:  “What  must  we  do  to  get  heat  from  the 
appliance?”  (Turn  it  on,  connect  it,  plug  it 
in.)  “What  happens  when  we  do  this?”  (The 
circuit  is  closed,  current  flows.)  This  line  of 
questioning  should  bring  out  the  desired  an- 
swer. Then  ask  the  pupils  when  they  observed 
electric  current  being  changed  to  heat.  They 
should  recall  the  short-circuit  experiment  (page 
131)  and  the  fuse  experiment  (page  133). 

The  pupils  are  now  ready  to  read  the  first 
two  paragraphs  and  do  the  experiment  on  page 
138.  Have  them  check  their  conclusions  by 
reading  and  discussing  the  two  paragraphs  that 
follow.  They  should  then  examine  the  heating 


58  GUIDEBOOK 


element  in  an  electric  iron  or  other  appliance, 
using  the  pictures  on  page  139,  and  read  to  the 
end  of  the  problem.  Point  out  the  fact  that  the 
word  element  in  heating  element  means  “part”; 
it  does  not  refer  to  chemical  element. 

After  the  safety  rules  on  page  139  have  been 
studied,  pupils  may  wish  to  make  a complete 
list  of  all  the  rules  given  in  the  unit.  The  list 
can  be  made  into  a wall  chart  or  taken  home 
for  discussion  with  parents.  For  additional  ac- 
tivities, see  Things  to  Do,  page  155,  Nos.  4 
and  7. 

Questions  (Page  139) 

1.  The  energy  of  the  current  is  changed  to 
heat  energy  when  the  current  flows  through  a 
material  that  is  not  a good  conductor.  More 
energy  is  needed  to  make  current  flow  through 
the  poor  conductor.  This  energy  is  changed  to 
heat. 

2.  The  heating  elements  of  all  electric  heat- 
ing appliances  change  the  energy  of  electric 
current  into  heat  energy. 

3.  They  are  made  of  copper,  which  is  a good 
conductor. 

How  does  electric  current  give  us  light? 
(Pages  140-142) 

Concepts 

1.  When  electric  current  flows  through  a 
poor  conductor,  the  conductor  gets  so  hot  that 
it  gives  off  light. 

2.  Some  light  is  made  with  gases  that  glow 
when  an  electric  current  flows  through  them. 

Information  for  the  teacher 

The  common  filament-type  light  bulb  is  also 
called  an  incandescent  lamp.  Besides  neon,  mer- 
cury vapor  and  helium  are  often  used  in  adver- 
tising signs.  Mercury  vapor  gives  a bluish-green 
light,  and  helium  gives  a white  light.  The  rays 
mentioned  on  page  142  are  ultraviolet  rays.  For 
most  purposes,  the  bluish-green  light  of  mer- 
cury vapor  is  unpleasant.  In  a fluorescent  lamp, 
the  coating  conceals  this  light  and  gives  a white 
light  much  like  sunlight. 


Observation 

Page  140:  To  examine  the  filament  in  an 
electric-light  bulb. 

Materials:  Worn-out  electric-light  bulb  that 
can  be  broken,  cloth  or  paper. 

Procedure 

This  problem  is  closely  related  to  the  preced- 
ing one.  To  introduce  this  problem,  ask  the 
pupils,  “Did  you  ever  try  to  remove  a light 
bulb  that  had  been  lit  for  some  time?”  “What 
did  you  notice?”  Then  have  the  pupils  recall 
what  happened  in  the  experiment  with  iron 
wire  (page  138).  Then  say,  “You  felt  the  wire 
get  hot.  Did  you  notice  anything  else?”  (The 
wire  gave  off  a red  glow.)  Now  ask,  “How  do 
you  think  we  could  use  an  electric  current  to 
get  light?”  (Use  it  to  heat  a wire  white-hot.) 
After  the  discussion,  have  the  pupils  read  down 
to  the  paragraph  at  the  top  of  the  second  col- 
umn on  page  141.  If  possible,  they  should  ex- 
amine a light  bulb  as  directed  on  that  page. 
They  should  then  read  to  the  end  of  the  prob- 
lem and  examine  the  pictures  on  page  141. 

Questions  (Page  142) 

1.  White-hot. 

2.  A fine  wire  used  inside  an  electric  bulb. 
Much  energy  is  needed  to  make  the  current 
flow  through  it;  this  energy  is  changed  to  heat; 
the  wire  gets  white-hot  and  gives  light. 

3.  Copper  is  a good  conductor;  it  would  not 
get  hot  enough  to  give  light. 

4.  It  lasts  for  hundreds  of  hours  before  melt- 
ing and  gives  very  good  light. 

5.  The  carbon  filament  in  the  first  electric- 
light  bulb  did  not  last  long  enough,  and  it  did 
not  give  very  much  light. 

6.  When  current  flows  through  neon  gas,  the 
gas  glows  and  gives  light. 

7.  A lamp  that  gives  light  when  an  electric 
current  flows  through  a small  amount  of  mer- 
cury inside  a glass  tube  and  changes  the  mer- 
cury to  a gas.  The  inside  of  the  tube  is  coated 
with  special  materials.  The  gas  gives  off  rays 
that  make  these  materials  glow. 
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How  can  we  use  electric  current  to 
make  a magnet?  (Pages  143-146) 

Concepts 

1.  Electric  current  can  be  used  to  make  a 
magnet. 

a)  An  electromagnet  is  made  when  an 
electric  current  flows  through  a wire  wound 
around  a piece  of  iron  or  steel. 

b)  An  electromagnet  has  force  only  so 
long  as  the  electric  current  is  flowing;  its 
force  can  be  controlled  by  turning  the  cur- 
rent on  or  off. 

c ) An  electromagnet  can  be  made 
stronger  by  increasing  the  number  of  turns 
of  wire  wound  around  the  core  and  by  in- 
creasing the  current. 

2.  An  electromagnet  can  make  things  move. 

Experiments 

Pages  143-144:  To  make  an  electromagnet. 
Materials:  Large  nail  or  bolt,  iron  or  steel 
tacks,  two  feet  of  cotton-covered  copper  wire, 
dry  cell. 

Page  144:  To  see  what  kinds  of  materials  an 
electromagnet  will  attract. 

Materials:  Same  as  for  the  experiment  on 
pages  143-144.  Also  glass,  cloth,  tin,  lead,  rub- 
ber, wood. 

Page  144:  To  see  how  the  force  of  an  electro- 
magnet can  be  controlled. 

Materials:  Same  as  for  the  experiment  on 
pages  143-144.  Also  bar  magnet  or  horseshoe 
magnet. 

Page  145:  To  find  out  how  the  force  of  an 
electromagnet  is  made  stronger. 

Materials:  Same  as  for  the  experiment  on 
pages  143-144.  Also  one  additional  dry  cell. 

Information  for  the  teacher 

Magnets  such  as  the  horseshoe  magnet  and 
the  bar  magnet  are  called  permanent  magnets. 
An  electromagnet  is  a temporary  magnet. 

Pupils  may  ask  how  the  wire  wound  around 
the  nail  can  magnetize  the  nail,  since  the  wire 
is  insulated  and  they  have  just  learned  that 
electric  current  will  not  flow  through  the  in- 
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sulation  on  the  wire.  The  electric  current  does 
not  flow  into  the  nail  to  magnetize  it.  The  cur- 
rent flowing  through  the  wire  makes  the  wire 
a magnet.  The  magnetic  force  of  the  mag- 
netized wire  is  able  to  act  through  the  insula- 
tion, which  is  a non-magnetic  material.  The 
iron  nail  acts  as  a core,  which  increases  the 
magnetic  force  of  the  coil  of  wire. 

In  the  experiments  with  the  electromagnet, 
use  an  iron  rather  than  a steel  nail  or  bolt  if 
possible.  Steel  is  used  to  make  permanent  mag- 
nets. A steel  nail  or  bolt  may  retain  enough 
magnetism  to  attract  a few  tacks  even  after  the 
current  is  turned  off.  If  you  cannot  obtain  an 
iron  nail  or  bolt,  heat  a steel  nail  or  bolt  red-hot 
in  a flame.  After  the  steel  cools,  it  will  have  less 
tendency  to  retain  magnetism. 

Procedure 

This  problem,  dealing  with  the  electromag- 
net, develops  the  concepts  essential  to  an  under- 
standing of  the  three  problems  that  follow.  To 
begin  the  problem,  have  the  pupils  read  the 
first  four  paragraphs  on  page  143  and  refer  to 
the  picture  on  page  142.  The  questions  raised  in 
the  fourth  paragraph  should  then  be  used  to 
motivate  the  experiment.  Before  doing  the  ex- 
periment, pupils  should  recall  experiences  with 
magnets  and  the  concepts  developed  in  earlier 
science  study.  (Refer  to  Discovering  Our 
World,  Boo\  One , Unit  6,  and  Boo\  Two,  Unit 
2,  pages  64-66.) 

Now  have  the  pupils  do  the  experiment  de- 
scribed and  illustrated  on  pages  143-144.  They 
should  draw  their  conclusions  and  then  read 
the  second  and  third  paragraphs  on  page  144, 
which  lead  them  into  the  next  experiment. 
Again  have  the  pupils  check  their  findings  by 
reading  the  text  down  to  the  last  paragraph  in 
the  first  column  on  page  145.  The  experiment 
described  and  pictured  on  page  145  should  now 
be  performed  and  the  results  discussed.  The 
pupils  should  now  read  the  last  paragraph 
of  the  unit  and  summarize  the  concepts 
developed  in  the  problem.  They  should  also 
look  for  electromagnets  around  their  homes  in 
preparation  for  the  problems  that  follow. 


Questions  (Page  146) 

1.  A nail  or  bolt,  some  wire,  and  a dry  cell. 

2.  Wind  the  wire  around  the  nail  or  bolt; 
connect  the  ends  of  the  wire  to  the  dry  cell. 

3.  Wind  more  turns  of  wire  around  the  nail 
or  bolt.  Make  the  current  stronger  by  connect- 
ing more  than  one  dry  cell. 

4.  Li\e:  They  will  attract  the  same  things. 
Different:  The  force  of  an  electromagnet  can 
be  controlled  by  turning  the  current  on  or  off. 
The  force  of  the  other  magnets  cannot  be  con- 
trolled. 

5.  Their  force  can  be  controlled.  They  can  be 
made  very  strong.  They  make  it  possible  for 
electric  current  to  move  things. 

How  does  a telegraph  work? 

(Pages  146-149) 

Concepts 

1.  In  a telegraph  or  other  electrical  device, 
the  part  that  is  moved  by  an  electromagnet  is 
called  the  armature. 

2.  The  movement  of  the  armature  is  con- 
trolled by  opening  and  closing  the  circuit. 

Experiment 

Pages  147-148:  To  make  a telegraph  set  and 
find  out  how  it  works. 

Materials:  Two  pieces  of  soft  wood,  large 
nail,  small  nail,  two  feet  of  insulated  copper 
wire,  six  screws,  two  strips  from  tin  can  (three 
quarters  of  an  inch  wide  and  four  inches  long), 
dry  cell. 

Information  for  the  teacher 

The  code  shown  on  page  148  is  the  Interna- 
tional Code  used  for  sending  messages  by  radio. 
The  Morse  Code  used  by  telegraphers  consists 
of  spaces  as  well  as  dots  and  dashes. 

Procedure 

In  this  problem,  pupils  are  given  an  oppor- 
tunity to  apply  and  extend  the  concepts  devel- 
oped in  the  preceding  problem.  The  telegraph 
set  described  and  illustrated  on  pages  147-148 


is  not  hard  to  make.  A group  of  interested  pu- 
pils may  easily  build  it  and  then  show  the  class 
how  it  is  operated.  The  class  should  read  and 
discuss  pages  146-149.  Pupils  are  not  expected 
to  learn  the  code  given  on  page  148,  but  some 
may  wish  to  use  it  in  sending  simple  messages. 

Two  telegraph  sets  may  be  connected  and 
messages  sent  from  one  to  the  other.  Use  two 
dry  cells  connected  as  shown  in  the  picture  on 
page  145.  Connect  one  binding  post  of  one  set 
to  a binding  post  of  the  other  set,  using  an 
unbroken  wire.  Then  connect  the  cells  between 
the  two  remaining  binding  posts  of  the  sets. 
To  receive  messages,  hold  the  key  of  one  set 
down  while  the  key  of  the  other  set  is  operated. 
(In  a real  telegraph  set,  a switch  is  used  to 
short-circuit  the  key.)  For  additional  activities, 
see  Things  to  Do,  page  155,  Nos.  6,  8,  and  11. 

Questions  (Page  149) 

1.  The  sounder  clicks.  The  circuit  is  closed. 
Current  flows  through  the  electromagnet, 
which  pulls  down  on  the  armature. 

2.  The  sounder  clicks  again.  The  circuit  is 
opened.  Current  no  longer  flows  through  the 
wire  of  the  electromagnet,  and  so  the  armature 
springs  away.  It  hits  the  nail  above  the  arma- 
ture, making  a click. 

3.  By  pushing  the  key  down  and  letting  it  up 
quickly  for  a dot  and  holding  it  down  a little 
longer  for  a dash. 

4.  No.  The  force  of  a bar  magnet  cannot  be 
controlled  to  make  the  armature  move. 

5.  Yes.  Wherever  something  is  moved  by 
electric  current,  there  is  an  electromagnet.  Any 
part  that  is  moved  by  an  electromagnet  is  called 
an  armature. 

How  does  an  electric  bell  ring? 

(Pages  149-151) 

Concepts 

1.  An  electric  bell  keeps  on  ringing  as  long 
as  the  push  button  is  held  down. 

2.  The  spring  and  the  contact  point  open 
and  close  the  circuit  as  the  armature  moves 
back  and  forth. 
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Experiment 

Pages  149-150:  To  find  out  how  an  electric 
bell  works. 

Materials:  Electric  bell,  push  button,  dry 
cell. 

Information  for  the  teacher 

As  mentioned  earlier  in  this  unit,  more  than 
one  dry  cell  may  be  needed  to  operate  the  elec- 
tric bell.  Connect  the  dry  cells  as  shown  in  the 
picture  on  page  145. 

Procedure 

After  studying  the  two  preceding  problems, 
pupils  can  easily  understand  how  an  electric 
bell  works.  The  bell  has  an  electromagnet  and 
an  armature  just  as  a telegraph  sounder  has. 
The  push  button,  like  a telegraph  key,  is  a kind 
of  switch.  The  only  new  idea  to  be  developed 
is  how  the  contact  point  and  the  spring  on  the 
armature  operate  as  a switch  to  open  and  close 
the  circuit,  keeping  the  bell  ringing  as  long  as 
the  push  button  is  held  down. 

To  introduce  the  problem,  let  the  pupils  first 
examine  and  then  operate  an  electric  bell.  They 
should  use  the  pictures  and  follow  the  direc- 
tions on  pages  149-150.  (The  picture  on  page 
136  shows  how  to  connect  the  bell.)  Then  have 
them  read  the  text  to  check  their  conclusions 
and  find  additional  information.  If  an  electric 
buzzer  is  available,  it  should  also  be  examined 
and  operated  as  suggested  on  page  151. 

Questions  (Page  151) 

1.  Electromagnet  and  armature. 

2.  Push  button. 

3.  Holding  the  push  button  down  closes  the 
circuit.  Electric  current  flows  through  the  elec- 
tromagnet, which  pulls  the  armature  toward  it. 

4.  When  current  flows  through  the  electro- 
magnet, the  armature  is  pulled  away  from  the 
contact  point.  This  opens  the  circuit.  Current 
no  longer  flows  through  the  electromagnet,  and 
so  the  armature  moves  back  to  the  contact 
point.  The  hammer  is  attached  to  the  armature 
and  moves  back  and  forth  with  it. 


How  does  an  electric  motor  run? 
(Pages  151-154) 

Concepts 

1.  An  electromagnet  has  two  poles,  an  N 
pole  and  an  S pole,  just  as  other  magnets  do. 

2.  An  electric  motor  turns  as  the  poles  of  an 
electromagnet  are  first  attracted  and  then  re- 
pelled by  the  poles  of  another  magnet. 

Experiments 

Page  152:  To  find  out  whether  an  electro- 
magnet has  an  N pole  and  an  S pole. 

Materials:  Bar  magnet,  wooden  support, 
string,  electromagnet,  dry  cell. 

Pages  152-153:  To  see  how  an  electromagnet 
can  turn  a motor. 

Materials:  Two  bar  magnets,  support, 
string,  electromagnet,  dry  cell. 

Page  153:  To  observe  how  a motor  runs. 

Materials:  Toy  electric  motor,  insulated  cop- 
per wire,  two  dry  cells. 

Information  for  the  teacher 

Picture.  Page  153.  The  man  is  using  a jig 
saw.  Next  are  a grinding  wheel,  a lathe,  and  a 
planer. 

Text.  The  magnet  surrounding  the  arma- 
ture is  called  the  field  magnet.  Current  is  car- 
ried to  and  from  the  electromagnets  in  the 
armature  through  sliding  contacts  called 
brushes.  The  brushes  rub  against  the  commu- 
tator, which  is  fastened  to  the  shaft  of  the  arma- 
ture and  turns  with  it.  The  commutator  is 
connected  to  the  armature  in  such  a way  that 
the  poles  of  the  electromagnets  are  reversed  at 
just  the  right  times  to  keep  the  armature  turn- 
ing. For  more  information  about  electric  mo- 
tors, see  a high-school  general  science  book  or 
a physics  text. 

Procedure 

This  problem  is  intended  primarily  to  show 
the  importance  of  electric  motors,  which  de- 
pend on  electromagnets  for  their  operation.  At 
this  grade  level,  pupils  cannot  be  expected  to 
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master  the  details  o£  how  motors  work.  To  be- 
gin the  problem,  have  the  pupils  read  page  151 
and  examine  the  picture.  If  a toy  motor  is  avail- 
able, let  them  find  the  electromagnets  in  the 
armature  and  also  the  electromagnet  in  the 
frame. 

From  earlier  science  study  ( Discovering  Our 
World,  Boo\  One , Unit  6),  the  children  should 
recall  the  three  concepts  listed  on  page  152. 
These  should  be  discussed  before  the  first  ex- 
periment on  that  page  is  performed.  After  do- 
ing the  experiment,  pupils  should  read  down 
to  the  next  to  last  paragraph  on  that  page  to 
check  their  findings.  They  are  now  ready  to  do 
the  next  experiment  on  pages  152-153.  (A  sim- 
ilar experiment  in  Discovering  Our  World, 
Boo\  Two,  Unit  2,  page  65,  may  be  recalled.) 
The  results  should  be  checked  and  summarized 
by  reading  the  first  paragraph  on  page  153.  Pu- 
pils should  then  connect  a toy  motor  and  op- 
erate it  as  suggested  in  the  last  paragraph.  For 
an  additional  activity,  see  Things  to  Do,  page 
155,  No.  13. 

Questions  (Page  154) 

1.  Electromagnet. 

2.  The  armature  would  not  turn  because  the 
electromagnets  would  not  pull  and  push  on  the 
poles  of  the  magnet  in  the  frame. 

3.  The  poles  of  the  electromagnets  must  pull 
and  push  on  the  poles  of  the  magnet  in  the 
frame  in  order  to  make  the  armature  turn. 

Questions  to  answer  (Page  154) 

Pictures.  Left.  No.  Because  the  switch  is 
open.  Right.  No.  The  covering  is  so  worn  that 
short  circuits  might  occur. 

1.  To  keep  from  being  burned  or  even  killed, 
and  to  prevent  fire. 

2.  For  light,  heat,  and  running  motors. 

3.  List  may  include:  electric  lights,  irons, 
toasters,  and  other  appliances,  radios,  tele- 
phones, telegraphs,  streetcars,  theaters,  most  in- 
dustrial machinery,  pumps,  etc. 

4.  Power  lines  might  break  down  or  become 
short-circuited.  Short  circuits  might  melt  a fuse. 


5.  Electric  current  can  make  things  move.  It 
takes  force  to  move  anything,  and  some  kind 
of  energy  is  needed  to  produce  a force. 

6.  The  wire  to  make  sure  there  was  no  short 
circuit.  The  connections  to  see  that  the  wire 
was  bare  and  tightly  fastened.  The  dry  cell  to 
be  sure  it  could  supply  current.  The  switch  to 
see  whether  it  was  closed.  The  motor  to  be  sure 
that  all  parts  worked  so  that  current  would 
flow  through  it. 

7.  By  winding  many  turns  of  wire  on  the 
electromagnets  and  using  a strong  current. 

8.  The  sun  supplies  heat  that  makes  water 
evaporate.  The  water  condenses  and  falls  to 
earth.  Gravity  makes  the  water  run  downhill, 
supplying  the  force  to  moving  water.  They 
both  help  make  the  wind  blow,  and  the  force 
of  the  wind  will  turn  windmills.  These  forces 
turn  generators  that  produce  electric  current. 

Things  to  do  (Page  155) 

1.  Group  or  individual  activity.  Steam  or 
moving  water  is  probably  used  to  run  the  gen- 
erators. 

2.  The  boxlike  transformer  on  a pole  is  a 
distribution  transformer.  It  decreases  the  volt- 
age of  the  current  for  use  in  your  home. 

3.  Any  garage  will  have  a generator  or  some 
other  source  of  electrical  energy  to  charge  stor- 
age batteries. 

4.  Yes.  Three  wires  are  needed.  They  are 
larger  than  wires  used  in  lighting  circuits.  Yes. 
Two  of  the  three  wires  have  special  fuses. 
These  are  cartridge  fuses  (cylindrical)  instead 
of  the  usual  plug  type. 

5-6.  Individual  or  group  activities. 

7.  The  pad  is  insulated  with  a flexible  ma- 
terial such  as  asbestos.  The  heating  element  is 
made  of  a very  long  wire. 

8.  Individual  report.  See  encyclopedias  for 
articles  on  Cyrus  Field  or  submarine  telegraph. 

9.  Consult  the  local  electric  company  or  an 
electric  bill. 

10.  A rheostat  is  usually  made  of  a coil  of 
wire.  Sometimes  it  is  made  of  carbon  disks  or 
of  rods  in  salt  water.  It  is  used  to  control  the 
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amount  of  current  in  a circuit.  By  moving  the 
handle,  lights  can  be  dimmed,  motors  slowed 
down,  etc. 

11.  Individual  activity.  See  encyclopedias. 

12.  Individual  or  group  activity. 


13.  All  generators  have  electromagnets  in 
their  armatures.  All  except  a magneto  have 
electromagnets  in  their  frames.  (A  magneto  has 
a permanent  magnet  instead.)  All  generators 
have  armatures. 


UNIT  6o  How  Do  We  Use  Light ? 


Purpose  and  scope 

This  unit  deals  with  subject  matter  especially 
close  to  the  pupils’  everyday  life.  Although  the 
pupils  have  often  seen  the  things  that  light 
does,  the  science  principles  that  explain  these 
things  will  probably  be  startlingly  new.  How- 
ever, as  in  the  Sound  unit,  there  is  abundant 
opportunity  to  demonstrate  these  principles. 

Of  particularly  personal  interest  to  the  pupils 
are  the  pages  dealing  with  lenses  and  those 
dealing  with  the  eyes.  These  pages  are  con- 
cerned with  the  structure  and  working  of  the 
eye,  mechanical  aids  to  vision,  and  the  care  of 
the  eyes.  Note  especially  the  twelve  safety  rules 
for  the  care  of  the  eyes  on  page  180.  The  teacher 
can  render  a most  valuable  service  in  driving 
home  the  lessons  of  conservation  of  sight  and 
in  helping  children  whose  eyes  may  need  care. 

This  unit  makes  use  of  concepts  developed 
in  earlier  units,  as  indicated  in  Science  Back- 
ground below.  Pupils  should  already  know 
that  when  anything  gets  hot  enough,  it  gives 
off  light.  It  may  burn  if  there  is  oxygen  present. 
The  unit  also  prepares  for  the  discussion  of 
light  from  the  heavenly  bodies  treated  in  the 
next  unit.  In  fact,  this  unit  on  light  is  prerequi- 
site to  certain  parts  of  the  unit  on  the  universe. 

Science  background 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

Discovering  Our  World , Boo\  One:  Unit  4, 
Why  Do  We  Have  Days  and  Nights?  Unit 
5,  What  Can  We  See  in  the  Sky  at  Night? 


Discovering  Our  World , Boo\  Two:  Unit  5, 
What  Are  Things  Made  Of  ? Unit  6,  How  Do 
We  Control  Fire? 

Discovering  Our  World , Boo\  Three:  Unit 
5,  How  Do  We  Use  Electric  Current? 

General  concepts 

1.  All  our  light  comes  from  some  material 
that  is  heated  until  it  glows  or  burns  with  a 
flame. 

2.  Light  travels  at  very  high  speed,  in  a 
straight  line,  and  outward  in  all  directions  from 
its  source. 

3.  We  see  only  objects  that  give  off  light  or 
reflect  light. 

4.  Light  is  reflected  by  most  materials. 

5.  Light  is  absorbed  by  many  materials. 

6.  Light  can  pass  through  some  materials 
but  not  through  others. 

7.  An  object  is  seen  in  a mirror  because  light 
travels  from  the  object  to  the  mirror  and  is 
reflected  back  to  the  observer. 

8.  Light  travels  away  from  the  mirror  on  the 
same  slant  at  which  it  strikes  the  mirror  but  in 
the  opposite  direction. 

9.  Light  is  bent  when  it  travels  through  a 
lens. 

10.  Lenses  can  be  used  to  help  us  see  things 
that  are  very  small  or  far  away. 

11.  Different  parts  of  the  eye  work  together 
so  that  we  can  see. 

12.  The  eyes  must  be  properly  cared  for. 

13.  The  color  of  an  object  is  caused  by  the 
way  in  which  it  reflects  certain  light  rays  and 
absorbs  others. 
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Introducing  the  unit  (Page  157) 

Information  for  the  teacher 

Picture.  Page  156.  A night  photograph  taken 
by  flash  bulb.  It  can  be  used  with  the  text  on 
page  157  and  later  with  the  problem  on  reflec- 
tion, pages  168-171. 

Procedure 

This  unit  may  be  introduced  by  asking  the 
question  that  opens  the  introductory  section. 
During  the  discussion  that  follows,  the  pic- 
tures on  pages  156  and  157  should  be  used. 
(Some  of  the  pupils  may  know  enough  about 
photography  to  know  that  the  night  picture  of 
the  deer  was  taken  by  flashlight  photography.) 
The  discussion  should  bring  out  the  fact  that 
we  use  light  all  the  time  we  are  awake.  The 
difference  between  artificial  light  and  daylight 
should  also  be  pointed  out. 

Then  have  the  pupils  read  the  second  para- 
graph. Discuss  the  questions  and  ask  the  chil- 
dren for  possible  explanations.  Write  the  ques- 
tions on  the  board  with  any  explanations  that 
have  been  made.  As  the  unit  proceeds,  the 
children  should  refer  to  these  answers,  correct 
them  if  necessary,  and  fill  in  where  they  offered 
no  explanation. 

Where  do  we  get  light? 

(Pages  157-160) 

Concepts 

1.  All  our  light  comes  from  some  material 
that  is  heated  until  it  glows  or  burns  with  a 
flame. 

2.  People  have  used  many  ways  to  get  light. 

Procedure 

Begin  this  problem  by  asking  the  children  to 
think  of  as  many  ways  as  they  can  that  are 
used  or  have  been  used  to  get  artificial  light. 
They  will  probably  mention  fire,  candles,  elec- 
tric lights,  kerosene  or  gasoline  lamps  if  they 
live  in  the  country  or  visit  camps  or  country 
places  in  summer,  and  possibly  neon  signs. 
They  should  recall  the  problem  on  electric 
lighting  in  Unit  5.  Some  may  have  seen  gas 


jets.  As  the  children  name  the  different  ways, 
list  them  on  the  board.  Ask  them  which  ways 
they  think  were  used  first. 

The  pupils  will  probably  be  unable  to  name 
all  the  ways  and  to  be  sure  which  way  was  used 
first.  Have  them  read  the  problem,  look  at  the 
pictures  (also  those  on  pages  140-141),  and 
make  individual  lists  of  the  ways  of  lighting 
in  the  order  of  development.  After  the  lists  are 
completed,  the  pupils  should  discuss  the  var- 
ious items.  These  two  questions  should  form 
the  basis  for  the  discussion:  (1)  What  were  the 
disadvantages  of  each  way  of  producing  light? 
(2)  How  was  each  of  the  ways  an  advantage 
over  the  previous  ways?  Following  the  discus- 
sion, make  the  necessary  additions  and  changes 
in  the  list  on  the  board.  Pictures  of  various 
types  of  lighting  can  be  collected  and  made  into 
charts  to  add  interest  to  the  problem. 

Questions  (Page  160) 

1.  Blazing  sticks,  torches  made  of  pine  knots, 
greased  sticks,  etc.;  burning  oil  in  d dish,  and 
later  a wick  dipped  in  the  oil;  wax  candles; 
kerosene  in  lamps  with  wicks  and  glass  chim- 
neys; gas  made  from  coal,  and  natural  gas; 
electric  current  in  a carbon,  and  later  a tung- 
sten filament  in  a bulb;  fluorescent  lamps. 

2.  The  use  of  fire  for  heat  and  light;  how  to 
get  oil  from  plants  and  animals;  the  use  of  a 
wick  to  control  the  amount  of  fire;  how  to 
make  candles;  the  discovery  of  oil  in  the  earth 
and  how  to  make  kerosene  from  it;  how  to  get 
gas  from  burning  coal  and  from  the  earth; 
Edison’s  invention  of  the  light  bulb  using  a 
carbon  filament;  the  substitution  of  tungsten 
for  carbon  in  the  filament  of  a light  bulb;  the 
use  of  mercury  vapor  to  make  fluorescent 
lamps. 

3.  A kerosene  lamp  or  a candle  gives  light 
by  burning  materials.  An  electric  lamp  glows 
without  burning  materials. 

4.  An  electric  lamp  is  clean,  bright,  and  lasts 
a long  time.  A kerosene  lamp  is  not  very  bright, 
must  be  filled,  cleaned,  and  have  the  wick 
trimmed  frequently.  It  is  also  more  dangerous 
to  use. 
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How  does  light  travel? 

(Pages  160-163) 

Concepts 

1.  Light  travels  at  the  speed  o£  about  186,- 
000  miles  a second. 

2.  Light  travels  in  a straight  line. 

3.  Light  travels  outward  in  all  directions 
from  its  source. 

Experiments 

{ Page  162:  To  show  that  light  travels  in  a 
straight  line. 

Materials:  Two  pieces  of  cardboard,  elec- 
tric lamp,  large  piece  of  brown  wrapping  paper, 
ball  or  globe,  flashlight. 

Information  for  the  teacher 

Galileo,  whose  full  name  was  Galileo  Galilei, 
lived  from  1564  to  1642.  The  Danish  scientist 
who  determined  the  speed  of  light  about  the 
year  1676  was  Olaf  Roemer. 

Procedure 

This  problem  can  be  started  by  asking  the 
pupils  how  long  they  think  it  takes  the  light 
from  the  sun  to  reach  us.  They  should  recall 
that  the  sun  is  about  93  million  miles  away 
from  the  earth.  Pupils  will  probably  be  unable 
to  state  the  exact  or  even  the  approximate  time. 
After  the  discussion,  have  them  read  pages  160 
and  161  to  see  how  one  scientist  tried  to  find 
out  the  speed  of  light  and  to  learn  what  the 
speed  of  light  now  is  known  to  be. 

As  suggested  in  Questions  to  Answer , page 
185,  No.  4,  pupils  can  now  figure  out  how  long 
it  takes  light  to  reach  us  from  the  sun.  Have 
them  use  186,000  miles  per  second  as  the  speed 
of  light,  since  the  arithmetic  is  easier.  The 
answer  should  be  about  8 Ys  minutes. 

Now  the  pupils  are  ready  to  do  several  ex- 
periments to  show  that  light  travels  in  a 
straight  line  as  it  travels  through  air.  Have 
the  pupils  do  the  experiments  described  and 
pictured  on  pages  162  and  163.  After  each  ex- 
periment, pupils  should  answer  the  question: 
“What  does  this  experiment  show  about  how 


light  travels?”  When  all  the  experiments  have 
been  done,  ask,  “How  are  the  experiments  all 
alike?”  (They  all  show  that  light  travels  in  a 
straight  line.)  Then  have  the  pupils  read  page 
163,  and  ask  them  what  else  they  have  learned 
about  how  light  travels.  (Light  travels  outward 
in  all  directions  from  anything  that  glows.) 

Questions  (Page  163) 

1.  Light  travels  so  fast  that  the  second  or 
two  that  the  men  took  to  open  the  shutters 
spoiled  the  experiment. 

2.  (e)  See  the  experiment  on  page  162. 

3.  Divide  240,000  by  186,284.  Answer:  1.288 
or  a little  more  than  one  and  a quarter  seconds. 

4.  It  travels  very  fast,  in  a straight  line,  and 
outward  in  all  directions. 

5.  Because  light  travels  in  a straight  line.  It 
cannot  go  through  or  around  things. 

When  can  we  see  things? 

(Pages  164-167) 

Concepts 

1.  We  see  only  objects  that  give  off  light  or 
reflect  light. 

2.  Light  is  reflected  by  most  materials. 

a)  Smooth  surfaces  reflect  more  light 
than  rough  surfaces. 

b ) Light-colored  materials  reflect  more 
light  than  dark-colored  materials. 

3.  Light  is  absorbed  by  many  materials. 
Dark-colored  materials  absorb  more  light  than 
light-colored  materials. 

4.  Light  can  pass  through  some  materials 
but  not  through  others. 

a)  Light  cannot  pass  through  opaque  ma- 
terials. 

b ) Light  can  pass  through  transparent 
and  translucent  materials. 

c ) We  can  see  clearly  through  transparent 
but  not  through  translucent  materials. 

Experiments 

Pages  164-165:  To  find  out  how  smooth  and 
rough  surfaces  reflect  light. 

Materials:  Mirror,  pan  of  water. 
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Page  165:  To  see  that  light-colored  materials 
reflect  more  light  than  dark-colored  materials. 

Materials:  Large  piece  of  brown  wrapping 
paper,  piece  of  glossy  white  cardboard,  blotting 
paper,  white  cloth,  dark  cloth. 

Information  for  the  teacher 

Pictures.  Page  164.  The  white  stripes  are 
made  with  luminescent  paint. 

Page  165.  Not  a perfect  reflection,  as  the 
water  is  rough.  On  page  156  the  water  was 
smooth  so  that  the  deer’s  reflection  is  almost 
perfect. 

Page  167.  The  solid  panels  on  either  side  of 
the  door,  the  ceiling,  the  floor,  and  the  chairs 
are  opaque.  The  glass-brick  walls  are  trans- 
lucent. The  glass  doors  are  transparent. 

Text.  The  scattering  of  light  mentioned  and 
illustrated  on  page  165  is  called  difusion. 

Procedure 

One  way  to  start  this  problem  is  to  ask  the 
pupils  the  question  stated  in  the  problem  title. 
Then  ask  them  to  read  and  discuss  the  first  two 
paragraphs.  They  may  wish  to  carry  out  the 
activity  suggested  in  the  second  paragraph. 

Next  ask  about  things  that  do  not  glow. 
Have  the  pupils  do  the  experiments  on  pages 
164-165.  They  should  then  discuss  their  obser- 
vations, using  the  questions  in  the  text  as  a 
guide  to  the  discussion.  Recall  the  meaning  of 
reflect  and  develop  the  meaning  of  absorb.  Lead 
the  children  to  this  generalization:  We  can  see 
a thing  when  it  reflects  light  to  our  eyes.  Make 
clear  that  materials  differ  in  the  way  in  which 
they  reflect  or  absorb  light.  Then  let  the  pupils 
read  the  text  down  to  the  last  paragraph  in  the 
first  column  on  page  166.  Have  them  examine 
the  picture  on  page  165  and  answer  the  ques- 
tion under  it.  An  additional  activity  is  sug- 
gested in  Things  to  Do,  page  185,  No.  2. 

The  rest  of  the  problem  deals  with  another 
aspect  of  materials  with  respect  to  light.  The 
next  paragraph  on  page  166  and  the  activity 
suggested  in  the  picture  below  it  should  be  used 
to  start  discussion.  At  this  point,  pupils  may 
also  wish  to  carry  out  the  activity  given  in 


Things  to  Do,  page  185,  No.  5.  The  collection 
of  opaque,  transparent,  and  translucent  mate- 
rials should  be  tested  with  the  flashlight.  Each 
material  should  then  be  put  in  the  proper  group. 
Now  let  the  children  read  the  next  three  para- 
graphs to  check  their  findings.  The  picture  on 
page  167  should  then  be  examined  and  the 
question  under  it  answered.  As  a summary  of 
important  concepts,  have  the  pupils  read  the 
last  two  paragraphs. 

Questions  (Page  167) 

1.  They  glow  with  their  own  light. 

2.  It  reflects  light  to  your  eyes. 

3.  The  mirror  is  smoother.  It  will  reflect  al- 
most all  the  light  that  strikes  it. 

4.  Water  reflects  more  light  than  the  rougher, 
dry  surface. 

5.  You  can  see  only  when  light  travels  to 
your  eyes.  The  light  may  come  from  something 
that  glows  or  it  may  be  reflected. 

6.  You  cannot  see  through  an  opaque  mate- 
rial such  as  wood,  metal,  etc.;  but  you  can  see 
through  a transparent  material  such  as  air, 
window  glass,  etc.  Translucent  materials  such 
as  thin  paper  and  cloth  will  let  light  through 
even  though  you  cannot  see  through  them. 

7.  Some  light  is  absorbed  by  the  dirt. 

y can  you  see  yourself  in  a mirror? 
(Pages  168-171) 

Concepts 

1.  An  object  is  seen  in  a mirror  because  light 
travels  from  the  object  to  the  mirror  and  is  re- 
flected back  to  the  observer. 

2.  Light  travels  away  from  the  mirror  on  the 
same  slant  at  which  it  strikes  the  mirror. 

Experiments 

Pages  169-170:  To  see  how  light  is  reflected  by 
a mirror. 

Materials  : Rubber  ball,  mirror. 

Pages  170-171 : To  make  a periscope  and  to 
see  how  it  changes  the  direction  of  light. 

Materials  : Cardboard  tube  or  narrow  wood- 
en box,  two  mirrors,  knife  for  cutting  tube  or 
saw  for  cutting  box,  nails  for  mirrors  to  rest  on. 
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Information  for  the  teacher 

The  principle  developed  in  this  problem  is 
stated  by  scientists  in  this  way:  The  angle  of 
reflection  is  equal  to  the  angle  of  incidence. 
Both  of  these  angles  are  measured  from  a line 
perpendicular  to  the  surface  at  the  point  where 
light  strikes  the  surface  and  is  reflected.  Al- 
though this  principle  applies  to  reflection  gen- 
erally, it  is  here  applied  only  to  flat,  or  plane, 
mirrors.  Curved  mirrors  (concave  and  convex) 
are  too  difficult  to  explain  at  this  level. 

Periscopes  in  submarines  use  prisms  to  reflect 
light.  The  inner  surfaces  of  the  prisms  reflect 
light  just  as  a mirror  does.  This  phenomenon 
is  called  internal  reflection. 

Procedure 

To  begin  this  problem,  ask  the  pupils  to  tell 
anything  they  have  noticed  about  how  a mir- 
ror works.  If  possible,  there  should  be  several 
small  mirrors  in  the  room  so  that  the  pupils 
may  see  a mirror  as  they  describe  their  observa- 
tions. Write  their  observations  on  the  board. 
Then  have  the  pupils  examine  the  pictures  on 
pages  168,  169,  and  170  and  do  the  experiments. 

From  the  experiments,  they  should  see  that 
(1)  if  a person  stands  straight  in  front  of  a 
mirror,  the  light  travels  as  shown  in  the  picture 
on  page  168;  and  (2)  when  light  strikes  a mir- 
ror at  a slant,  it  leaves  the  mirror  at  the  same 
slant,  as  illustrated  by  the  experiment  with  the 
ball.  Pupils  may  make  drawings  on  the  board 
to  show  the  path  of  light  to  and  from  mirrors 
set  at  different  angles.  If  it  is  a sunny  day,  they 
may  reflect  light  to  various  parts  of  the  room 
by  changing  the  angle  of  the  mirror.  Have  the 
pupils  read  the  text  down  to  the  second  para- 
graph on  page  170  to  check  their  conclusions. 

At  this  point,  the  teacher  may  ask  for  volun- 
teers to  make  a periscope  to  use  in  the  next 
lesson.  They  can  use  the  text  on  page  170  and 
the  picture  on  page  171  as  a guide.  In  making 
the  periscope,  the  pupils  should  drive  small  nails 
in  from  the  outside  for  the  mirrors  to  rest  on 
at  the  points  desired  to  make  the  proper  angles. 
In  the  lesson  on  the  periscope,  ask  the  children 
who  made  it  to  show  how  it  is  constructed  and 


to  tell  how  it  works.  Be  sure  that  all  the  chil- 
dren have  an  opportunity  to  look  through  it 
and  understand  it.  Pupils  will  enjoy  using  the 
periscopes  to  see  around  corners  and  out  of 
windows.  The  pupils  may  then  read  to  the  end 
of  the  problem  to  find  out  more  about  the  peri- 
scope. For  additional  activities,  see  Things  to 
Do,  page  185,  Nos.  4,  6,  8,  and  12. 

Questions  (Page  171) 

1.  Directly  in  front.  Light  travels  in  a 
straight  line  from  you  to  the  mirror  and  back 
to  your  eyes. 

2.  Light  travels  from  the  tree  to  the  water 
and  then  is  reflected  from  the  water  to  your 
eyes. 

3.  It  will  be  wavy  and  less  bright  and  clear. 

4.  Place  it  so  that  light  from  a window  will 
be  reflected  toward  the  corner. 

5.  Light  will  travel  at  a slant  from  you  to 
the  mirror,  then  be  reflected  at  the  same  slant 
in  the  opposite  direction  and  not  back  to  your 
eyes. 

What  do  lenses  do  to  light? 

(Pages  171-174) 

Concepts 

1.  Light  is  bent  when  it  travels  through  a 
lens. 

2.  The  bending  of  light  that  travels  from  an 
object  through  a lens  changes  the  apparent 
position  or  size  of  the  object. 

Experiments 

Pages  171-172:  To  show  that  light  is  bent 
when  it  passes  through  a lens. 

Materials:  Reading  glass,  white  paper,  sup- 
port for  reading  glass,  candle. 

Pages  172-174:  To  show  how  light  is  focused 
by  a lens. 

Materials:  Reading  glass,  candle,  white 
paper,  support  for  reading  glass. 

Page  173:  To  observe  how  a slide  projector 
projects  slides. 

Materials:  Slide  projector,  slides,  screen  or 
white  wall. 


68  GUIDEBOOK 


Information  for  the  teacher 

When  light  traveling  through  one  medium 
(air,  for  example)  strikes  another  medium 
(water,  glass,  etc.)  at  an  angle,  the  light  is  bent. 
This  bending  of  light  is  called  refraction.  The 
amount  which  the  light  is  bent  depends  on  the 
density  of  the  medium  and  the  angle  at  which 
the  light  strikes  the  medium.  The  denser  the 
medium  that  the  light  is  entering,  the  more 
the  rays  are  bent,  or  refracted.  The  greater  the 
angle  at  which  the  light  enters  the  medium, 
the  more  the  light  is  bent.  Light  entering  a 
denser  medium  is  bent  toward  an  imaginary 
perpendicular  line  that  passes  through  the  cen- 
ter of  the  medium.  Light  emerging  from  the 
other  side,  when  the  two  surfaces  of  the  me- 
dium are  parallel,  is  bent  away  from  the  per- 
pendicular so  that  the  emerging  ray  is  parallel 
to  the  position  it  had  when  it  entered  the  me- 
dium. The  light  that  strikes  the  new  medium 
at  right  angles  is  not  bent.  It  passes  straight 
through  but  is  slowed  down. 

Ordinary  window  glass  does  bend  the  light 
somewhat  but  not  so  much  as  plate  glass,  which 
is  much  thicker.  A poor  grade  of  window  glass 
has  a surface  that  is  not  perfectly  smooth  so 
that  the  rays  are  bent  differently  in  different 
parts  of  the  glass.  This  makes  objects  seen 
through  the  window  look  wavy.  Light  rays 
entering  or  leaving  water  at  an  angle  are  bent. 
Fish,  stones,  or  other  objects  seen  in  the  water 
seem  to  be  nearer  the  surface  than  they  are, 
because  light  rays  coming  from  them  to  your 
eyes  are  bent. 

Lenses  make  use  of  the  principles  of  refrac- 
tion. Parallel  rays  of  light  striking  the  lens 
enter  the  lens  at  a slant  because  the  lens  is 
curved.  So  the  light  is  bent.  A convex  lens  is 
thicker  at  the  center  than  it  is  at  the  edges. 
A concave  lens  is  thicker  at  the  edges  than  at 
the  center.  A double-convex  lens  (curved  out- 
ward on  both  sides),  such  as  the  one  in  a read- 
ing glass,  is  the  type  used  in  the  experiments 
in  this  problem.  Rays  of  light  passing  through 
this  type  of  lens  are  bent  toward  the  center. 
Those  toward  the  outside  are  bent  more  be- 
cause the  curve  of  the  lens  is  greater  at  the 


outside  and  increases  the  angle  at  which  the 
light  enters  the  lens. 

Procedure 

To  start  this  problem,  ask  the  children  what 
they  have  already  learned  about  lenses.  They 
should  recall  from  Unit  4 that  a lens  is  a curved 
piece  of  glass.  They  will  probably  remember 
the  use  of  lenses  in  the  microscope.  Most  chil- 
dren will  have  looked  through  magnifying 
glasses,  and  some  may  have  looked  through 
telescopes.  The  children  who  wear  glasses  may 
know  that  they  are  wearing  lenses.  Lead  the 
discussion  to  the  point  where  the  children  won- 
der what  lenses  do  to  light  that  makes  it  pos- 
sible to  use  them  as  we  do.  Then  suggest  that 
they  carry  out  some  experiments  to  find  the 
answer  to  this  question. 

In  doing  the  experiments  with  lenses,  the 
children  should  follow  the  directions  given  in 
the  text  and  study  the  pictures  on  pages  172- 
173.  From  these  experiments,  it  may  be  seen 
how  a lens  bends  light  and  how  this  fact  is 
used  in  making  lenses.  After  doing  the  experi- 
ments, these  pages  (up  to  the  second  para- 
graph on  page  173)  may  be  read  again  for 
explanation  of  what  the  pupils  have  seen. 

Then  the  pupils  should  read  the  rest  of  the 
problem  and  do  the  experiment  to  find  out  how 
different  devices  make  use  of  lenses.  If  a camera 
and  a slide  projector  are  available,  the  parts 
may  be  examined.  Children  in  the  class  who 
wear  glasses  may  be  able  to  tell  what  their 
glasses  do  for  them. 

For  additional  activities,  see  Things  to  Do, 
page  185,  Nos.  3,  7,  8,  and  9. 

Questions  (Page  174) 

1.  Curved  outward  on  both  sides;  thicker  in 
the  middle  than  at  the  edge. 

2.  It  bends  the  light. 

3.  The  picture  is  upside  down,  and  either 
larger  or  smaller. 

4.  Closer. 

5.  So  that  the  light  will  come  to  a focus  on 
the  film.  You  cannot  move  the  film,  and  so  you 
must  move  the  lens  to  get  a clear  picture. 
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How  do  we  see  things  that  are  very 
small  or  far  away?  (Pages  175-177) 

Concept 

Lenses  can  be  used  to  help  us  see  things  that 
are  very  small  or  far  away. 

Observation 

Page  175:  To  use  a magnifying  glass. 
Materials  : Magnifying  glass,  leaf. 

Information  for  the  teacher 

Pictures.  Page  175.  The  boys  are  looking  at 
some  pond  water.  They  might  see  many  kinds 
of  green  or  blue-green  algae  and  tiny  water 
animals.  The  little  animal  on  the  left-hand  side 
is  Cyclops , a microscopic  crustacean  found  in 
fresh  water.  It  gets  its  name  from  its  single  eye. 
The  center  picture  is  the  green  alga,  Spirogyra. 
The  other  is  also  a green  alga  called  Volvox. 
Both  of  these  are  commonly  found  in  fresh 
water. 

Page  176.  There  have  been  many  magazine 
and  newspaper  articles  describing  the  making 
of  the  giant  lens  for  the  telescope  at  Mount 
Palomar.  These  may  be  consulted  for  pictures 
and  further  details. 

Text.  The  microscope  referred  to  in  the  text 
and  the  one  in  the  picture  on  page  175  are 
compound  microscopes,  that  is,  having  two 
lenses.  A simple  microscope  has  only  one  lens; 
it  is  really  just  a magnifying  glass  mounted  so 
that  it  can  be  focused.  The  kind  of  telescope 
having  two  different  lenses,  such  as  the  one 
at  Yerkes  Observatory,  is  called  a refracting 
telescope.  A third  kind  of  telescope,  using  a 
spherical  mirror  and  a correcting  lens,  is  called 
the  Schmidt  telescope. 

Procedure 

The  discussion  at  the  beginning  of  the  pre- 
vious problem  should  have  brought  out  the 
children’s  general  experiences  with  lenses.  If  a 
compound  microscope  is  available,  the  pupils 
should  have  an  opportunity  to  examine  it  and 
to  look  at  objects,  such  as  a plant  leaf,  a bee’s 
leg,  or,  as  suggested  by  the  picture  on  page  175, 
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the  tiny  plants  and  animals  found  in  water. 
If  any  pupil  has  a small  telescope,  ask  him  to 
bring  it  to  school  so  that  it  can  be  examined 
by  others.  A pair  of  field  glasses  should  also  be 
provided  for  pupils,  if  possible,  so  that  they  may 
see  the  effect  of  lenses.  After  providing  as  many 
experiences  as  possible  with  lenses,  have  the 
pupils  read  the  problem  for  additional  informa- 
tion. The  part  on  the  telescope  may  be  used 
as  motivation  for  the  next  unit,  What  Is  the 
Universe  Like?  For  an  additional  activity  to 
enrich  this  problem,  see  Things  to  Do , page 
185,  No.  1. 

Questions  (Page  177) 

1.  Scientists  could  then  see  and  study  very 
tiny  plants  and  animals,  some  of  which  cause 
disease. 

2.  One  kind  has  two  lenses,  one  lens  thicker 
in  the  middle  than  at  the  edge,  the  other  lens, 
thicker  at  the  edges;  another  kind,  the  reflect- 
ing telescope,  has  only  one  lens  and  two  dif- 
ferent mirrors. 

3.  A microscope  may  have  two  lenses,  each 
like  a reading  glass. 

How  do  we  see  things? 

(Pages  177-180) 

Concepts 

1.  Different  parts  of  the  eye  work  together 
so  that  we  can  see. 

a)  Light  enters  the  eye  through  the  pu- 
pil, whose  size  is  controlled  by  the  iris. 

b ) Light  travels  from  the  objects  through 
the  lens  of  the  eye,  which  makes  a picture  of 
the  object  on  the  lining,  or  retina,  of  the  eye. 

c ) Nerves  in  the  retina  carry  messages  to 
the  brain,  where  the  picture  is  interpreted. 

2.  The  eyes  must  be  properly  cared  for. 

Observation 

Pages  177-178:  To  observe  the  outer  structure 
of  the  eye. 

Material:  Mirror. 


Information  for  the  teacher 

Other  important  parts  of  the  eye:  cornea , 
transparent  membrane  (resembling  a watch 
crystal)  on  the  front  of  the  eyeball;  conjunc- 
tiva, thin  mucous  coating  protecting  the  cornea; 
aqueous  humor , clear  liquid  found  in  the  space 
behind  the  cornea;  vitreous  humor , clear  jelly- 
like  substance  filling  the'  space  between  the 
lens  and  the  retina;  sclerotic  coat,  white,  fibrous, 
protective  coat  covering  the  eyeball,  lending 
form  and  shape  to  the  eye;  choroid  coat,  middle 
coat  or  membrane  between  the  sclerotic  coat 
and  retina;  optic  nerve,  carries  the  images  to  the 
brain;  blind  spot,  spot  at  which  the  optic  nerve 
leaves  the  eye  and  therefore  does  not  detect 
light. 

Pupils  may  wonder  why  we  do  not  see  things 
upside  down.  The  image  on  the  retina  is  up- 
side down;  but  in  some  way  not  yet  under- 
stood, the  brain  interprets  the  image  so  that  we 
see  things  right  side  up.  The  eye  is  focused  by 
the  bulging  or  flattening  out  of  the  lens.  It 
bulges  out  when  we  look  at  close  objects  and 
flattens  when  we  are  looking  at  far-off  ones. 
These  adjustments  are  automatic  and  are  made 
unconsciously. 

Procedure 

This  problem  on  the  eyes  is  probably  the 
most  important  one  in  the  unit  from  the  point 
of  view  of  close  relation  to  the  pupils’  daily 
lives.  To  start  the  problem,  have  each  pupil 
look  closely  at  another’s  eyes  and  compare 
them  with  the  picture  on  page  178  to  learn  the 
outer  parts  of  the  eye.  Also  have  pupils  do  the 
experiment  suggested  on  page  178.  Then  they 
should  read  page  177  through  the  first  para- 
graph on  page  179  to  find  out  more  about  the 
parts  of  the  eye  and  how  they  work. 

The  rest  of  the  problem  is  extremely  impor- 
tant. Have  the  children  read  the  text,  look  at 
the  picture  on  page  179,  and  answer  the  ques- 
tion under  it.  The  pupils  should  then  discuss 
each  safety  rule  on  page  180,  so  that  everyone 
understands  the  reasons  for  it.  Pupils  should 
check  each  other  in  the  schoolroom  to  see  that 


the  rules  are  being  observed.  They  should 
show  the  rules  to  their  parents  and  discuss 
them  at  home.  For  additional  activities,  see 
Things  to  Do,  page  185,  Nos.  10  and  13. 

Questions  (Page  180) 

1.  Pupil : lets  light  into  the  eye;  retina:  re- 
ceives the  light.  It  has  many  tiny  nerves  that 
carry  messages  to  the  brain.  Iris:  can  make  the 
pupil  larger  or  smaller  to  let  the  right  amount 
of  light  in.  Muscles:  hold  the  eyeball  in  its 
socket  and  make  it  move  so  that  you  can  see 
up,  down,  to  the  sides,  etc.  Socket:  pocket  in 
bones  of  skull  that  holds  eyeball  and  helps 
protect  it.  Lens:  bends  the  light  and  brings  it 
to  a focus  on  the  retina. 

2.  Working  your  eyes  too  hard  or  too  long; 
using  them  in  light  that  is  too  bright  or  too 
dim;  letting  light  shine  directly  into  them. 

3.  Answer  should  include  the  safety  rules, 
page  180. 

\iWhy  do  things  have  different  colors? 
(Pages  181-184) 

Concepts 

1.  The  color  of  an  object  is  caused  by  the 
way  in  which  it  reflects  certain  light  rays  and 
absorbs  others. 

2.  Sunlight  is  a mixture  of  light  rays  of  many 
colors. 

3.  The  colors  of  sunlight  are  separated  when 
sunlight  passes  through  a prism. 

4.  White  is  not  a color;  it  is  a mixture  of  all 
the  colors. 

5.  Black  is  not  a color;  it  is  lack  of  color. 

Experiments  and  observations 

Page  181:  To  observe  the  separation  of  colors 
formed  when  sunlight  passes  through  a glass 
prism. 

Materials:  Prism,  piece  of  white  paper. 

Page  182:  To  show  that  white  is  a mixture 
of  colors. 

Materials:  Circle  of  cardboard,  red,  blue, 
and  green  crayons  or  colored  paper,  top  or  toy 
motor  with  place  for  attaching  color  wheel. 
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Pages  183-184:  To  show  that  the  color  of  an 
object  is  caused  by  the  light  it  reflects. 

Materials:  Piece  of  brown  wrapping  paper 
big  enough  to  cover  a window,  white  paper, 
red,  blue,  and  green  glass  or  cellophane. 

Information  for  the  teacher 

The  band  of  color  seen  when  light  passes 
through  a prism  is  called  the  spectrum.  The 
spectrum  is  usually  said  to  have  seven  colors: 
violet,  indigo,  blue,  green,  yellow,  orange,  and 
red.  Light  travels  in  waves  of  various  lengths. 
Each  kind  of  color  light  has  its  own  wave 
length.  Violet  has  the  shortest  wave  length  and 
red  the  longest.  The  wave  lengths  of  the  other 
colors  are  in  between.  Light  rays  are  bent  when 
they  pass  into  glass.  The  shortest  waves  are 
bent  more  than  the  longest.  Since  each  kind 
of  light  is  bent  differently,  the  result  is  the 
bands  of  the  different  colors  on  the  paper. 

Procedure 

Introduce  this  problem  by  having  the  chil- 
dren look  at  all  the  colored  objects  that  they 
can  see  in  the  room  or  out  of  the  window.  Ask 
the  pupils  why  they  think  these  objects  have 
color.  Many  will  probably  say,  “Because  they 
are  painted  or  colored  with  paints,  crayons, 
etc.”  This  is  true,  of  course.  But  the  real  ques- 
tions to  be  answered  are  why  the  paints  and 
dyes  have  different  colors  and  why  a given 
color  does  not  always  look  the  same.  List  their 
reasons  and  any  unanswered  questions  on  the 
board.  Then  suggest  that  they  do  some  experi- 
ments to  see  whether  their  reasons  are  correct 
and  to  answer  their  questions. 

Have  the  pupils  do  the  experiment  with  the 
prisms  on  page  181.  Let  them  discuss  their 
observations,  using  the  questions  in  the  second 
column  as  a basis  for  the  discussion.  Then  do 
the  color-wheel  experiment  to  find  the  answer 
to  the  last  question.  After  doing  the  experi- 
ments, the  pupils  should  read  the  text  up  to 
the  second  paragraph  on  page  183  for  explana- 
tion of  what  they  observed. 

The  rest  of  the  problem  relates  what  they 
have  learned  about  white  light  to  the  reasons 


why  things  have  different  colors.  After  the  pu- 
pils have  done  the  experiment  with  the  colored 
glass  or  cellophane  and  discussed  it,  have  them 
read  the  text  from  the  second  paragraph  on 
page  183  to  the  end  of  the  problem.  Then  look 
back  at  the  questions  asked  at  the  beginning  of 
the  problem  and  answer  any  that  were  left  un- 
answered. After  doing  the  experiments  and 
reading  the  text,  children  should  be  able  to 
explain  why  paints  and  dyes  have  different 
colors.  The  materials  from  which  they  are 
made  absorb  colors  differently.  When  some- 
thing is  painted,  colored,  or  dyed,  some  of  the 
material  that  reflects  the  desired  color  is  trans- 
ferred to  the  thing  to  be  colored.  For  an  addi- 
tional activity,  see  Things  to  Do , page  185,  No. 
11. 

Questions  (Page  184) 

1.  It  bends  each  color  in  white  light  a 
different  amount. 

2.  The  cover  absorbs  all  other  colors  but 
reflects  blue. 

3.  The  glass  lets  only  the  red  light  through. 

4.  White  sunlight  and  many  tiny  drops  of 
water  floating  in  the  air.  The  separation  of  the 
white  light  by  the  raindrops  acting  like  a prism 
causes  the  rainbow. 

5.  Mixing  all  colors  of  light  gives  white. 
Separating  white  sunlight  with  a prism  gives 
all  colors. 

Questions  to  answer  (Pages  184-185) 

1.  Dirt  makes  the  window  less  transparent; 
so  less  light  passes  through  it. 

2.  In  a microscope,  lenses  make  very  tiny 
things  large  enough  to  see  and  study.  In  a 
telescope  or  field  glasses,  they  make  things  that 
are  far  away  seem  closer.  Cameras,  periscopes, 
eyeglasses,  and  other  instruments  using  lenses 
are  very  helpful. 

3.  If  white  or  very  light-colored  costumes 
are  used,  shining  a red  light  on  them  will  make 
them  reflect  red,  blue  light  will  make  them 
seem  blue,  etc. 

4.  Divide  93  million  by  186,000.  Answer:  500 
seconds,  or  8f4  minutes. 
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5.  In  sunlight,  the  cloth  absorbs  all  colors 
but  red.  Red  is  reflected,  and  so  the  cloth  looks 
red.  Green  glass  absorbs  all  colors  but  green. 
Green  light  has  no  red  in  it,  and  so  the  cloth 
looks  black.  Black  is  a lack  of  color. 

6.  A well-lighted  room  will  have  large  win- 
dows, shades  to  prevent  glare  from  bright  sun- 
light, light-colored  walls  to  reflect  light  into 
darker  corners,  sufficient  artificial  lighting  for 
dark  days,  desks  placed  so  that  neither  shadows 
nor  glare  will  fall  across  them,  etc. 

7.  By  having  plenty  of  light  without  glare 
and  sitting  in  such  a position  that  the  book  or 
paper  is  not  shadowed. 

8.  Each  has  one  lens  that  bends  light  and 
brings  it  to  a focus.  A picture  is  then  made 
behind  the  lens.  In  your  eye,  the  picture  is  made 
on  the  retina;  in  a camera,  it  is  made  on  the 
film.  The  shutters  of  a camera  can  be  set  to  let 
in  the  right  amount  of  light.  In  your  eye,  the 
iris  changes  the  size  of  the  pupil  to  do  the 
same  thing. 

Yes.  Because  there  is  only  one  lens. 

9.  Black  absorbs  all  colors  and  reflects  none; 
so  it  is  a lack  of  color.  White  reflects  all  colors; 
so  it  is  a mixture  of  all  colors. 

Things  to  do  (Page  185) 

1.  Individual  report.  This  activity  may  be 
combined  with  the  suggested  visit  to  see  a 
telescope  for  the  next  unit.  See  Things  to  Do, 
page  213,  No.  5. 

2.  Several  kinds  are  used.  Some  are  cut  to 


UNIT  So  What  Is 


reflect  almost  all  light  that  strikes  them.  Some 
are  made  of  glass  balls,  polished  metal,  or 
prisms. 

3.  List  might  include:  eyeglasses,  binoculars, 
microscope,  telescope,  camera,  spotlight,  flash- 
light, headlight,  stereoscope,  moving  picture  or 
slide  projector,  periscope,  etc. 

4.  Doctors  use  concave  mirrors  to  reflect 
light  into  the  mouth  and  throat.  Dental  mirrors 
are  concave;  they  magnify  the  teeth. 

5.  Group  activity. 

6.  Plate  glass  is  placed  on  heated  tables.  A 
diluted  compound  of  silver  nitrate,  ammonia, 
and  tartaric  acid  is  poured  over  the  glass.  The 
heat  helps  the  silver  stick  to  the  glass.  When 
dry,  the  back  is  shellacked  and  then  painted. 

7.  Concave,  convex,  double-concave,  double- 
convex,  concavo-convex. 

8.  They  have  a lens  in  front  and  a reflector 
behind  the  source  of  light,  both  of  which  help 
to  direct  the  light  to  the  right  place  on  the  road. 

9.  With  a thicker  lens,  the  focus  is  closer. 
With  a thinner  lens,  the  focus  is  farther  away. 

10t  Oyster : no  eyes.  Mole:  almost  blind.  Fly: 
compound  eye  made  up  of  many  parts.  Bird: 
highly  developed  eye;  can  see  at  great  distances. 
Cat:  cannot  see  in  absolute  darkness  but  needs 
less  light  than  any  other  common  animal.  Owl : 
sees  poorly  in  daylight  but  well  at  night;  im- 
movable eyeball.  Whale:  eyes  about  size  of  a 
grapefruit;  immovable  eyeball. 

11-12.  Individual  or  group  activities. 

13.  The  Snellen  chart  is  commonly  used. 


Universe  Like? 


Purpose  and  scope 

This  unit  continues  the  study  of  the  earth 
and  its  relation  to  other  parts  of  the  universe 
begun  in  earlier  books  of  the  Basic  Studies  in 
Science  program.  Discovering  Our  World , 
Boo\  One , Unit  4,  presented  the  sun  as  our 
source  of  light  and  heat  and  also  explained 


some  of  the  effects  of  the  earth’s  movements. 
Unit  5 dealt  with  stars,  some  of  the  constella- 
tions, the  moon,  the  planets,  and  meteors.  Boo\ 
Two,  Unit  2,  took  up  the  sun  as  a source  of 
energy  and  also  introduced  the  concept  of  grav- 
ity. Unit  8 told  how  green  plants  make  food  by 
using  the  sun’s  energy.  Boo\  Three,  Unit  2, 
explained  how  changes  take  place  in  the  earth’s 
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atmosphere.  Unit  3 discussed  the  changes  con- 
tinually being  made  in  the  earth’s  surface. 

Having  studied  all  these  units,  pupils  are 
now  ready  to  make  a broad  survey  of  the  uni- 
verse as  whole  and  of  the  earth’s  place  in  the 
universe.  The  increased  maturity  of  the  chil- 
dren and  their  background  information  about 
the  energy  and  materials  essential  for  life  enable 
them  to  grasp  ideas  not  comprehensible  before. 
When  they  finish  this  unit,  pupils  should  have 
a feeling  for  the  vast  expanse  of  the  universe 
as  well  as  an  understanding  of  the  earth’s  place 
in  the  universe.  The  unit  offers  many  excellent 
opportunities  to  stress  the  value  of  the  scien- 
tific attitude  and  to  show  how  such  an  attitude 
affects  our  thinking  and  behavior. 

Science  background 

Loo\  and  Learn:  Unit  3,  Days  and  Days 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

How  Do  We  Know?:  Unit  2,  Land  and 
Water 

Discovering  Our  World , Boo\  One:  Unit  4, 
Why  Do  We  Have  Days  and  Nights?  Unit 
5,  What  Can  We  See  in  the  Sky  at  Night? 

Discovering  Our  World,  Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  2,  What  Makes  Things  Move? 
Unit  6,  How  Do  We  Control  Fire?  Unit  8, 
Where  Does  All  the  Food  of  the  World  Come 
From? 

Discovering  Our  World , Boo\  Three:  Unit 
2,  Why  Does  the  Weather  Change?  Unit  5, 
How  Do  We  Use  Electric  Current?  Unit  6, 
How  Do  We  Use  Light? 

General  concepts 

1.  The  solar  system  is  made  up  of  the  sun, 
the  planets  and  their  moons,  planetoids,  and 
comets. 

2.  The  universe  is  made  up  of  everything  in 
the  sky,  including  the  solar  system. 

3.  We  need  the  sun  for  heat,  light,  food,  and 
energy. 

4.  The  earth  and  the  other  things  of  the 
solar  system  travel  around  the  sun  at  terrific 
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speed,  each  held  in  its  own  orbit  and  moving  in 
a regular  and  exactly  predictable  manner. 

5.  The  planets  vary  in  size,  distance  from  the 
sun,  speed  of  revolution,  number  of  moons,  etc. 

6.  No  life  is  definitely  known  of  on  any 
planet  except  the  earth. 

7.  Comets  are  made  up  of  gases  and  little 
bits  of  solids. 

8.  An  eclipse  of  the  sun  is  caused  by  the 
moon  passing  between  the  earth  and  the  sun; 
an  eclipse  of  the  moon  is  caused  by  the  earth 
passing  between  the  moon  and  the  sun. 

9.  Distances  between  the  stars  are  so  vast 
that  scientists  measure  them  in  light-years. 

10.  There  are  billions  of  stars  in  the  universe. 

Introducing  the  unit  (Pages  187-189) 

Concepts 

1.  The  solar  system  is  made  up  of  the  sun, 
the  planets  and  their  moons,  planetoids,  and 
comets. 

2.  The  universe  is  made  up  of  everything  in 
the  sky,  including  the  solar  system. 

Procedure 

Introduce  this  unit  by  asking  the  pupils  to 
recall  what  they  already  know  about  the  things 
that  they  see  in  the  sky  at  night.  From  their 
own  experience  and  from  Unit  5,  Boo\  One , 
they  should  be  able  to  name  most  of  the  parts 
pf  the  universe  to  be  studied  in  this  unit.  List 
the  items  on  the  board.  As  the  unit  progresses, 
the  name  of  the  group  or  system  to  which  each 
belongs  can  be  written  beside  the  item.  At  the 
end  of  the  unit,  they  can  be  rearranged  to  make 
a diagram  showing  the  relation  of  the  parts 
of  the  universe  to  each  other.  The  pictures  on 
pages  186-187  should  be  used  to  bring  out  the 
idea  of  the  vast  expanse  of  the  universe.  The 
members  of  our  solar  system  are  but  few  in 
comparison  with  the  countless  numbers  of  ob- 
jects in  the  universe  of  which  the  solar  system 
is  a tiny  part.  The  picture  is,  of  course,  ideal- 
ized to  bring  out  this  point  and  to  show  how 
the  solar  system  would  appear  if  viewed  from 
some  place  beyond  it. 


After  the  discussion,  have  the  pupils  read 
pages  187-189  and  check  the  list  on  the  board. 
The  story  of  Columbus  and  the  eclipse  may 
start  a discussion  of  eclipses  that  the  children 
have  seen.  If  any  have  had  this  experience,  let 
them  tell  about  it;  but  defer  attempts  to  ex- 
plain eclipses  until  the  class  comes  to  that 
problem  in  the  unit.  This  section  may  also  lead 
to  a discussion  of  ways  in  which  people  have 
used  the  sun  and  stars  and  how  we  use  them 
today.  Pupils  should  recall  Units  4 and  5,  Boo\ 
One , and  think  of  other  situations  from  their 
own  experiences  or  from  stories. 

How  does  the  sun  help  us? 

(Pages  189-193) 

Concept 

We  need  the  sun  for  heat,  light,  food,  and 
energy. 

Procedure 

Throughout  the  Discovering  Our  World 
series,  the  importance  of  the  sun  has  frequently 
been  mentioned.  This  problem  brings  together 
many  of  the  previously  taught  concepts  by  tell- 
ing an  imaginary  story  of  what  would  happen 
if  the  sun  stopped  shining.  To  introduce  this 
problem,  have  the  pupils  read  and  discuss  the 
first  paragraph  on  page  189,  using  the  picture 
on  pages  188-189.  The  discussion  should  bring 
out  the  fact  that  although  the  distance  to  the 
sun  is  great,  it  is  really  very  small  compared 
with  other  distances  in  the  universe. 

Now  ask  the  pupils  to  think  of  as  many 
things  as  they  can  that  would  happen  on  the 
earth  if  the  sun  suddenly  stopped  shining. 
Have  them  explain  their  answers  and  write 
the  answers  and  explanations  on  the  board. 
Then  let  the  children  read  the  story  and  look 
at  the  pictures.  They  should  compare  the  ideas 
in  the  text  with  the  answers  and  explanations 
that  they  gave. 

Questions  (Page  193) 

1.  There  would  be  no  heat  or  light.  Without 
these,  no  plants  could  live  to  supply  food.  With- 


out plants,  no  animals  could  live.  All  water 
would  be  frozen.  There  would  be  no  wind. 
So  nothing  could  be  moved  by  water  or  wind. 
No  coal  or  oil  could  have  been  formed,  and  so 
there  would  be  no  energy  from  coal  or  oil. 

2.  Since  the  sun  is  the  source  of  most  of  the 
energy  we  use,  the  list  should  include  the  ways 
in  which  we  need  and  use  energy. 

3.  No.  Scientists  tell  us  it  will  go  on  for  mil- 
lions and  millions  of  years. 

4.  The  energy  in  your  muscles  comes  from 
the  food  you  eat.  All  the  food  in  the  world 
comes  from  green  plants,  which  use  the  energy 
of  the  sun  to  make  food. 

How  do  the  planets  move  in  the  solar 
system?  (Pages  194-197) 

Concepts 

1.  The  earth  and  the  other  things  in  the 
solar  system  travel  around  the  sun  at  terrific 
speed. 

2.  Each  of  these  is  held  in  its  own  orbit  by 
opposing  forces. 

3.  The  movements  of  the  solar  system  are 
regular  and  exactly  predictable. 

Experiment 

Page  195:  To  show  how  the  earth  stays  in  its 
orbit. 

Materials:  Ball,  strong  rubber  band  (or 
piece  of  elastic). 

Information  for  the  teacher 

The  force  that  makes  any  whirling  object 
pull  away  from  the  center  around  which  it 
whirls  is  called  centrifugal  force.  Farm  children 
will  be  familiar  with  the  use  of  this  principle 
in  cream  separators.  Or  the  pupils  may  have 
seen  a machine  at  a fair  or  carnival  on  which 
small  cars  move  out  from  the  center  as  the 
machine  whirls. 

There  are  about  1100  planetoids,  varying  in 
diameter  from  20  to  300  miles.  Scientists  think 
that  these  planetoids  may  be  pieces  of  a big 
planet  that  once  traveled  around  the  sun  be- 
tween Mars  and  Jupiter.  Possibly  this  big  planet 
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met  with  an  accident  of  some  kind  that  broke 
it  into  pieces. 

Procedure 

The  pupils  already  know  that  the  earth  and 
the  other  planets  travel  around  the  sun.  Have 
them  recall  this  fact  and  then  read  and  discuss 
the  text  down  to  the  experiment  on  page  195, 
using  the  picture  on  page  194.  Now  let  the  pu- 
pils do  the  experiment  described  and  illus- 
trated on  page  195.  After  doing  the  experiment, 
they  should  check  their  findings  by  reading  the 
text  down  to  the  third  paragraph  on  page  196. 
They  should  then  read  to  the  end  of  the  prob- 
lem and  examine  the  picture  on  page  197. 

Questions  (Page  197) 

1.  The  sun. 

2.  They  reflect  the  sun’s  light. 

3.  As  it  travels  around  the  sun,  a force  pulls 
it  away.  An  equal  force  pulls  it  toward  the  sun. 

4.  All  travel  around  the  sun  in  the  same  di- 
rection; each  stays  in  its  own  orbit;  most  have 
one  or  more  moons  traveling  in  their  own 
orbits  with  the  planets;  none  have  light  of  their 
own  but  reflect  the  sun’s  light;  each  turns  on 
its  own  axis. 

5.  Orbit : path  of  a planet  around  the  sun. 
Axis:  imaginary  line  through  a planet  on  which 
it  rotates.  Each  planet  has  an  axis  on  which  it 
rotates.  Gravity:  the  force  that  holds  every- 
thing to  the  earth  and  keeps  the  planets  in 
their  positions  in  the  solar  system  by  pulling 
them  toward  the  sun  as  the  other  force  (centrif- 
ugal) is  pulling  them  away.  Solar  system:  the 
sun,  the  planets  and  their  moons,  and  other 
things  that  revolve  around  it.  Solar  system  is 
part  of  the  universe;  is  7%  billion  miles  across. 

What  have  scientists  learned  about  the 
planets?  (Pages  198-204) 

Concepts 

1.  The  planets  vary  in  size,  distance  from  the 
sun,  speed  of  revolution,  number  of  moons,  etc. 

2.  No  life  is  definitely  known  on  any  planet 
except  the  earth. 


Information  for  the  teacher 

Pictures.  Pages  200-201.  The  stars  in  the  con- 
stellation Leo  seem  to  have  moved  because  the 
earth  is  moving  in  its  orbit  around  the  sun. 
This  makes  the  stars  appear  in  a different  posi- 
tion. Some  that  are  visible  at  one  time  of  year 
may  be  invisible  at  other  times.  We  are  not  con- 
scious of  the  movement  of  the  earth.  It  is  the 
stars  that  appear  to  move. 

The  planets  are  moving  in  their  orbits  around 
the  sun.  They  have  changed  their  positions  in 
the  two  weeks  that  have  elapsed  between  the 
two  pictures.  The  planets  themselves  have 
moved  because  the  distances  between  them 
have  changed.  Mars  has  moved  nearer  to  Ve- 
nus, and  Mercury  has  moved  farther  away  from 
Venus.  This  change  of  distance  occurs  because 
the  planets  travel  at  different  speeds. 

Page  204.  From  this  “bedspring”  aerial  on  a 
hilltop  in  New  Jersey,  a radar  beam  was  di- 
rected at  the  moon,  January  10,  1946.  Less  than 
two  and  one-half  seconds  later  sensitive  instru- 
ments received  a response.  Traveling  at  a speed 
of  186,000  miles  a second,  radar  waves  hit  the 
moon  and  bounced  back  like  an  echo. 

Text.  Magazines  such  as  Junior  Natural  His- 
tory and  Nature  Magazine  (see  Bibliography) 
are  excellent  to  consult  to  find  out  what  planets 
are  visible  each  month  and  how  to  locate  them. 
Maps  and  interesting  information  are  given. 

Procedure 

The  problem  may  be  introduced  by  asking 
the  pupils  to  name  all  the  planets  they  can 
think  of.  Write  the  names  on  the  board.  Then 
ask  the  children  to  tell  anything  that  they 
know  about  the  planets.  They  should  recall 
what  they  learned  in  Discovering  Our  World , 
Boo\  One , Unit  5.  If  they  have  read  anything 
about  planets  in  magazines  and  newspapers, 
they  can  contribute  this  information,  too. 

Now  have  the  class  read  down  to  the  first 
paragraph  on  page  202.  The  pupils  should  an- 
swer the  questions  asked  in  the  second  para- 
graph on  page  198.  This  will  review  the  relation 
of  air  and  water  to  living  things.  On  page  199, 
the  discussion  of  seasons  on  Mars  will  afford  a 


76  GUIDEBOOK 


review  of  the  general  causes  of  seasons  taught 
in  Discovering  Our  World , Boo\  One , Unit  4. 
Be  sure  that  the  children  examine  the  pictures 
on  pages  200  and  201  and  answer  the  questions 
in  the  legend  on  page  201.  From  Discovering 
Our  World , Boo\  One , Unit  5,  have  the  pupils 
recall  or  do  again  the  experiment  with  the 
umbrella  and  globe  on  page  122  of  that  book. 
This  will  help  them  understand  the  difference 
between  the  apparent  movement  of  the  stars 
and  the  actual  movement  of  the  planets. 

Pages  202  and  203  to  the  end  of  the  first  para- 
graph should  be  given  careful  treatment,  since 
these  pages  develop  an  important  science  skill: 
the  interpretation  of  tables.  Have  the  children 
read  these  pages  and  consult  the  table  on  page 
203.  The  pupils  should  not  memorize  the  data 
or  the  table.  The  table  should  be  used  merely 
to  give  ideas  of  relative  size,  distance,  speed,  etc. 

The  rest  of  page  203  and  page  204  should 
then  be  read  apd  discussed.  Give  the  children 
an  opportunity  to  tell  what  they  have  read  or 
heard  about  rocket  ships  or  people  from  other 
planets.  Ask  them  to  tell  which  of  these  things 
might  be  true  and  which  are  not  true.  Such  a 
discussion  will  give  an  opportunity  to  stress  the 
importance  of  scientific  thinking  and  give  prac- 
tice in  testing  ideas  with  facts. 

To  summarize  the  study  of  planets,  have 
the  pupils  make  nine  small  charts  and  place 
a drawing  of  one  planet  on  each  chart.  Label 
each  chart  with  the  name  of  the  planet.  The 
pupils  should  collect  information  about  the 
various  planets  and  assemble  it  on  the  charts. 
The  class  may  work  together  and  make  a set  of 
charts  or  each  pupil  may  make  a separate  set. 

Have  the  children  watch  for  articles  on  Mars 
and  the  other  planets  in  newspapers  and  maga- 
zines. There  is  currently  much  interest  in  the 
possibility  of  some  form  of  plant  life  on  Mars, 
and  reports  of  observations  and  theories  often 
appear  in  the  papers.  For  additional  activities, 
see  Things  to  Do,  page  213,  Nos.  2,  3,  and  4. 

Questions  (Page  204) 

1.  The  earth,  because  that  is  the  planet  on 
which  we  live. 


2.  Mercury,  Venus,  Mars,  Jupiter,  Saturn, 
Uranus  (barely). 

3.  Neptune,  Pluto. 

4.  Answers  will  vary.  Refer  to  the  table  on 
page  203  as  well  as  to  the  text. 

5.  Venus  and  Mars.  Mars  has  air  and  water. 
Venus  might  have,  although  we  cannot  see 
through  its  clouds  to  find  out. 

6.  Ali\e:  Both  are  very  bright,  are  some- 
times called  “morning  star”  or  “evening  star,” 
and  both  have  thick  clouds  around  them.  Dif- 
ferent: Jupiter  is  much  larger,  much  farther 
from  the  sun,  and  has  eleven  moons  while 
Venus  has  none. 

7.  Planets  near  the  sun  move  faster.  Those 
far  away  have  longer  years. 

What  are  comets?  (Pages  205-206) 

Concepts 

1.  Comets  are  made  up  of  gases  and  little 
bits  of  solids. 

2.  The  orbit  of  a comet  and  the  orbits  of  the 
planets  often  cross. 

3.  The  time  of  appearance  of  comets  can  be 
predicted. 

Procedure 

Probably  none  of  the  children  will  have  seen 
comets,  but  some  may  have  heard  of  them.  To 
start  the  problem,  ask  the  pupils  to  tell  what 
they  know  about  comets.  Then  have  them  read 
pages  205  and  206  and  study  the  pictures  to  see 
what  a comet  looks  like  and  how  it  travels. 
The  problem  may  be  concluded  by  letting  the 
pupils  discuss  the  question,  “Why  do  you  sup- 
pose people  are  no  longer  afraid  when  a comet 
appears?”  Bring  out  the  value  of  the  work  of 
astronomers,  the  people  who  study  the  stars  and 
other  objects  in  the  sky.  Pupils  should  realize 
that  years  of  time  and  energy  have  been  spent 
to  determine  the  facts  of  science  and  that  peo- 
ple are  no  longer  afraid  of  these  happenings 
when  they  learn  that  the  causes  are  natural. 

Questions  (Page  206) 

1.  Different:  A planet  is  round  and  travels  in 
an  orbit  that  is  nearly  a circle,  while  a comet 
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has  a head  and  usually  a tail  and  travels  in  a 
long,  oval  orbit.  Ali\e : Both  reflect  the  sun’s 
light;  both  travel  around  the  sun  regularly,  and 
so  scientists  can  predict  when  they  will  be 
visible. 

2.  It  must  be  near  both  the  earth  and  sun. 

3.  Yes.  They  travel  around  our  sun. 

4.  Away  from  the  sun. 

5.  Yes.  He  observed  very  carefully,  figured 
out  what  had  happened,  and  then  made  a pre- 
diction that  helped  prove  his  thinking  correct. 

What  causes  an  eclipse? 

(Pages  207-210) 

Concepts 

1.  An  eclipse  of  the  sun  is  caused  by  the 
moon  passing  between  the  earth  and  the  sun. 

2.  An  eclipse  of  the  moon  is  caused  by  the 
earth  passing  between  the  moon  and  the  sun. 

Experiments 

Page  207:  To  show  how  the  moon  can  cause 
an  eclipse  of  the  sun. 

Materials:  Penny,  half  dollar. 

Page  208:  To  show  why  there  is  not  an 
eclipse  every  time  the  moon  passes  between  the 
sun  and  the  earth. 

Materials  : Penny,  half  dollar. 

Information  for  the  teacher 

Pictures.  Page  208.  Bottom  left,  total  eclipse 
of  the  sun.  The  mist  of  silvery  white  light 
around  the  sun  during  an  eclipse  is  called  the 
corona.  During  a total  eclipse  the  prominences 
can  be  seen.  These  are  great  jets  of  hot  gases 
coming  from  the  surface  of  the  sun.  With  an 
instrument  that  has  been  recently  developed, 
the  prominences  can  be  photographed  without 
waiting  for  a total  eclipse.  These  photographs 
help  scientists  determine  what  gases  make  up 
the  sun.  Bottom  right , partial  eclipse  of  the  sun. 

Page  209.  Bottom , eclipse  of  the  moon. 

Text.  An  almanac  such  as  the  World  Al- 
manac tells  when  eclipses  will  occur  and  where 
they  will  be  visible.  Possibly  an  eclipse  may 
occur  where  it  can  be  seen  by  the  class.  News- 


papers usually  carry  articles  about  eclipses  just 
before  they  occur. 

Procedure 

Have  the  pupils  recall  the  story  of  Columbus 
and  the  eclipse  of  the  moon.  Be  sure  that  the 
children  understand  the  meaning  of  the  word 
eclipse.  Ask  them  whether  there  may  be  other 
eclipses  than  those  of  the  moon.  Bring  out  the 
fact  that  there  are  eclipses  of  the  sun  also. 
The  children  may  have  had  experiences  with 
eclipses.  Let  them  tell  about  their  experiences 
or  what  they  learned  from  talking  with  people 
who  have  seen  an  eclipse.  Then  ask  the  pupils 
to  give  their  ideas  of  what  causes  an  eclipse. 
Write  a list  of  these  ideas  on  the  board. 

Now  have  the  children  read  pages  207-210, 
do  the  experiments  on  pages  207  and  208,  and 
study  the  pictures  to  find  out  how  eclipses  are 
caused.  Ask  such  questions  as  “What  hides  the 
sun  (or  moon)  ?”  “Can  the  eclipse  be  seen  from 
all  parts  of  the  earth?” 

To  make  sure  that  the  children  understand 
the  two  kinds  of  eclipses,  have  them  make 
diagrams  on  the  board  to  show  the  relative 
positions  of  the  sun,  moon,  and  earth  at  the 
time  of  an  eclipse  of  the  sun  and  at  the  time  of 
an  eclipse  of  the  moon.  Then  let  the  pupils 
compare  what  they  have  learned  about  eclipses 
with  the  ideas  written  on  the  board  at  the  be- 
ginning of  the  problem.  For  additional  activi- 
ties, see  Things  to  Do,  page  213,  Nos.  1 and  6. 

Questions  (Page  210) 

1.  The  moon  comes  directly  between  the 
earth  and  the  sun. 

2.  The  moon  is  nearer;  so  it  looks  larger. 

3.  A great,  silvery  white  mist  around  it. 

4.  The  shadow  of  the  earth.  That  the  earth 
is  round. 

What  is  beyond  the  solar  system  r* 
(Pages  210-212) 

Concepts 

1.  Distances  between  the  stars  are  so  vast 
that  scientists  measure  them  in  light-years. 
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2.  A light-year  is  the  distance  that  light 
travels  in  one  year. 

3.  All  stars  are  millions  of  miles  apart. 

4.  There  are  billions  of  stars  in  the  universe. 

Procedure 

This  problem  is  aimed  primarily  at  giving 
the  pupils  an  idea  of  the  vastness  of  the  uni- 
verse. Have  them  begin  by  looking  at  the  star 
maps  on  pages  210  and  211.  They  should  notice 
that  certain  stars  are  labeled  with  different  num- 
bers of  light-years.  (Pupils  may  recall  these  stars 
from  the  study  of  the  constellations  in  Discover- 
ing Our  World , Boo\  One , Unit  5.)  Then  let 
the  children  read  text  down  to  the  first  para- 
graph on  page  212  to  learn  the  meaning  of 
light-year.  Have  them  figure  out  how  much 
farther  away  from  the  earth  Betelgeuse  and 
Rigel  are  than  Sirius  is.  This  will  help  them 
understand  that  Betelgeuse  and  Rigel  must  be 
large  and  bright  stars  to  be  seen  as  clearly  as 
Sirius  when  they  are  so  much  farther  away. 

Now  have  the  children  read  the  rest  of  the 
problem  and  discuss  the  ideas  of  space  pre- 
sented there.  To  summarize  the  problem,  have 
the  class  make  a list  of  the  facts  that  seem  most 
startling  to  them.  The  list  will  impress  on  them 
the  fact  that  the  universe  is  extremely  vast. 
See  also  Things  to  Do,  page  213,  No.  5. 

Questions  (Page  212) 

1.  The  distance  light  travels  in  one  year,  or 
nearly  six  trillion  miles.  All  other  units  of  meas- 
urement are  too  small;  it  would  take  too  many 
units  to  measure  such  great  distances. 

2.  Thirty  trillion  miles,  or  about  5 light-years. 

3.  500  years. 

4.  The  billions  of  stars  in  the  universe. 

Questions  to  answer  (Page  213) 

1.  Should  include  sun,  earth  and  other  plan- 
ets, their  moons,  comets,  stars,  and  galaxies. 

2.  Earth,  Sun,  a comet,  Pluto,  Saturn,  Moon. 

3.  Other  planets  travel  in  their  own  orbits 
in  the  same  direction  around  the  sun.  A comet’s 
tail  is  so  thin  it  can  cause  no  harm. 


4.  The  things  in  the  universe  are  so  very  far 
away  that  even  our  best  telescopes  cannot  show 
scientists  all  that  they  want  to  know. 

5.  (a),  {c),  {d),  (/),  (g). 

6.  Moon,  Venus,  Sun,  Sirius,  Arcturus,  Be- 
telgeuse, Rigel. 

7.  The  third  column  of  the  table  on  page 
203.  (The  distances  in  inches  will  be  the  same 
as  the  figures  in  the  column.)  Probably  not, 
because  Pluto  would  be  3675  inches  away  or 
30614  feet  (slightly  longer  than  a regulation 
football  field). 

Things  to  do  (Page  213) 

1.  Most  almanacs  give  eclipses  for  the  year. 

2.  See  table  on  page  203.  Since  Mars’  speed 
is  slower  than  the  earth’s  and  it  is  farther  from 
the  sun,  the  earth  will  make  1.88  trips  around 
the  sun  while  Mars  makes  one.  When  the  earth 
passes  Mars  (they  will  both  be  on  the  same 
side  of  the  sun),  they  are  closest.  When  they 
are  on  opposite  sides  of  the  sun,  they  will  be 
farthest  apart. 

3.  The  planetarium  is  an  optical  instrument 
by  which  images  of  the  sun,  moon,  planets,  and 
stars  are  projected  on  a large  dome.  There  are 
planetariums  in  Chicago,  Los  Angeles,  Phila- 
delphia, New  York,  Pittsburgh,  Springfield 
(Mass.). 

4.  See  Nature  Magazine  or  Junior  Natural 
History.  Refer  to  the  pictures  on  pages  200  and 
201.  Drawings  will  show  differences  in  the  way 
in  which  planets  and  stars  move  across  the  sky. 

5.  See  almanacs  and  encyclopedias.  Some 
large  telescopes  are  at:  Yerkes  Observatory, 
Williams  Bay,  Wisconsin;  Lick  Observatory, 
Mount  Hamilton,  California;  University  of 
Pittsburgh;  U.S.  Naval  Observatory,  Washing- 
ton, D.C.;  University  of  Virginia;  Ohio  Wes- 
leyan University,  Delaware,  Ohio;  Mt.  Wilson, 
California;  Lowell  Observatory,  Flagstaff,  Ari- 
zona; Mt.  Locke,  Fort  Davis,  Texas;  Mt.  Palo- 
mar,  California. 

6.  See  an  almanac.  Look  through  a piece  of 
smoked  glass  or  an  exposed  film  to  watch  the 
sun. 
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UNIT 


How  Do  Airplanes  Fly? 


Purpose  and  scope 

In  recent  years,  America  has  become  air  con- 
scious. This  is  particularly  true  of  the  younger 
generation.  Boys  and  girls  want  to  know  how 
an  airplane  is  built,  how  it  can  stay  up  in  the 
air,  and  how  it  can  be  controlled.  Although 
some  children  in  the  class  may  have  been  up 
in  planes,  many  others  probably  have  not.  They 
want  to  know  what  an  airplane  trip  is  like. 
This  unit  answers  these  questions  and  many 
others.  As  new  concepts  are  developed,  many 
concepts  taught  earlier  in  the  series  are  re-used 
and  extended. 

Science  bac\ground 

Loo\  and  Learn:  Unit  2,  Machines;  Unit  3, 
Days  and  Days 

All  Around  Us:  Unit  2,  Getting  Work  Done; 
Unit  3,  Sun,  Wind,  and  Weather 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Levers 

Discovering  Our  World , Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  6,  What  Can  Magnets  Do? 

Discovering  Our  World,  Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  3,  How  Is 
Our  Work  Made  Easier?  Unit  4,  How  Do 
Heating  and  Cooling  Change  Materials? 

Discovering  Our  World,  Boo\  Three:  Unit 
2,  Why  Does  the  Weather  Change?  Unit  5, 
How  Do  We  Use  Electric  Current? 

General  concepts 

1.  An  airplane  always  weighs  more  than  air. 

2.  There  are  different  kinds  of  planes. 

3.  To  get  an  airplane  into  the  air  and  keep 
it  there,  the  upward  force  must  be  equal  to  or 
greater  than  the  downward  pull  of  gravity. 

4.  Airplanes  are  built  so  that  the  force  of  the 
air  upward  on  the  wings  is  greater  than  the 
downward  force  of  air  above  the  wings  when 
the  plane  is  in  motion. 


5.  A propeller  drives  a plane  forward  by 
pushing  back  on  the  air. 

6.  Instruments  tell  the  pilot  the  air  speed, 
height,  direction,  etc.,  of  the  plane. 

7.  The  direction  of  an  airplane  is  controlled 
by  certain  parts  that  the  pilot  can  move. 

8.  The  energy  to  drive  planes  is  supplied  by 
gasoline  engines  or  jet  propulsion. 

9.  Airplanes  carry  millions  of  people  and 
tons  of  freight  every  year. 

10.  Air  lines  use  various  ways  to  make  flying 
safer. 

Introducing  the  unit  (Pages  215-216) 

Information  for  the  teacher 

Picture.  Page  214.  A four-engine  Boeing 
Stratocruiser  flying  over  Manhattan  Island, 
New  York. 

Text.  Much  valuable  help  in  the  teaching  of 
a unit  on  airplanes  is  made  available  to  teachers 
by  the  large  air  lines.  United  Air  Lines  has  a 
school  and  college  service  that  will  furnish 
material  of  suitable  grade  level  to  teachers  upon 
request.  Their  Aviation  Handboo\  for  Inter- 
mediate Grades  contains  much  important  infor- 
mation. Write  to  United  Air  Lines,  Inc.,  De- 
partment of  School  and  College  Service,  231 
South  LaSalle  Street,  Chicago  4,  Illinois.  Amer- 
ican Airlines  sponsor  Air  Education  Research, 
which  publishes  Air  Education  News,  a very 
useful  publication  distributed  without  charge 
to  teachers  on  request  to  Air  Education  Re- 
search, 80  East  42nd  Street,  New  York  17,  N.Y. 
Information  about  other  visual  aids  can  be  had 
from  both  of  these  air  lines. 

A very  helpful  book  just  released  to  the  pub- 
lic by  the  government  is  Introduction  to  Air- 
planes. (Catalogue  No.  N17.25:  A 17-7-944.) 
When  ordering,  give  the  title  and  the  catalogue 
number.  This  is  a 232-page  illustrated  book, 
written  in  clear,  understandable  language  so 
that  it  is  usable  by  those  whose  hobby  is  avia- 
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tion  and  airplanes.  Theories  of  flight  as  well 
as  kinds  of  planes,  instruments,  etc.,  are 
treated.  The  book  may  be  obtained  from  the 
Superintendent  of  Documents,  Government 
Printing  Office,  Washington  25,  D.C.,  for  forty 
cents.  A list  of  publications  of  the  Civil  Aero- 
nautics Administration  of  the  Department  of 
Commerce  can  also  be  obtained  from  the  above 
office.  See  also  the  Bibliography. 

Procedure 

Pupils  already  have  a great  deal  of  informa- 
tion about  airplanes.  Many  of  them  have  built 
model  planes  or  working  models  that  can  fly. 
Still  others  have  taken  trips  in  planes.  They  are 
familiar  with  speed  records  and  distance  rec- 
ords. To  introduce  the  unit,  many  kinds  of 
questions  can  be  raised  and  discussed  before 
the  pupils  are  referred  to  the  book.  For  exam- 
ple, do  you  think  that  airplanes  will  ever  re- 
place passenger  trains  ? Why  or  why  not  ? 
What  are  the  advantages  of  air  travel  over  land 
travel  ? What  are  the  disadvantages  ? What 
uses  can  be  made  of  planes  that  are  not  pos- 
sible with  other  kinds  of  transportation?  How 
many  times  faster  has  a plane  traveled  than 
an  automobile?  A locomotive?  A ship?  In 
what  ways  is  an  airplane  different  from  a bal- 
loon? From  a dirigible?  What  new  kinds  of 
planes  are  being  used  ? How  is  steering  a plane 
different  from  steering  an  automobile? 

The  introductory  section  is  focused  mainly 
on  a discussion  of  the  uses  of  airplanes.  Before 
referring  the  pupils  to  the  text,  have  them  list 
as  many  uses  of  airplanes  as  they  can.  Write 
these  on  the  board.  Have  them  read  pages  215- 
216  to  find  additional  uses.  Leave  the  list  on  the 
board  and  ask  the  pupils  to  try  to  find  still 
other  uses. 

What  are  the  different  kinds  of 
airplanes?  (Pages  216-218) 

Concepts 

1.  An  airplane  always  weighs  more  than  air. 

2.  Most  airplanes  have  an  engine  that  turns 
a propeller,  wings,  fuselage,  and  landing  gear. 


3.  There  are  different  kinds  of  planes. 

a)  Seaplanes  are  airplanes  that  take  off 
and  come  down  on  water. 

b)  Amphibian  planes  can  take  off  and 
come  down  on  either  land  or  water. 

c ) A glider  has  no  engine  or  propeller; 
some  way  must  be  provided  to  get  it  into  the 
air. 

d)  A helicopter  has  no  wings  but  has  ro- 
tating blades  on  top  of  the  fuselage;  it  can  go 
straight  up  or  come  straight  down  and  fly 
backward,  forward,  or  sideways;  it  can  even 
stand  still  in  the  air. 

Procedure 

The  children  should  learn  the  names  of  the 
different  parts  of  a plane,  since  these  are  con- 
stantly used  in  descriptions  of  planes  and  their 
operation.  To  introduce  the  problem,  let  the 
pupils  read  the  text  and  examine  the  pictures 
on  pages  216,  217,  218,  and  219.  Then  have  the 
children  bring  pictures  of  various  kinds  of 
planes  to  class,  as  suggested  in  Things  to  Do, 
page  239,  No.  1.  They  should  mount  the  pic- 
tures on  cardboard.  Hold  up  each  picture  and 
have  the  children  decide  whether  the  plane  is 
a monoplane  or  a biplane,  glider  or  helicopter, 
a land  plane,  amphibian  plane,  or  a sea  plane. 
Pictures  of  different  kinds  of  planes  can  also 
be  placed  on  the  bulletin  board.  Have  the  chil- 
dren identify  and  label  the  different  parts  of 
the  plane,  as  shown  in  the  picture  on  page  216. 
Some  planes  shown  in  flight  have  no  landing 
gear  visible  because  they  are  built  with  wheels 
that  can  be  pulled  up  after  the  plane  leaves  the 
ground.  These  are,  of  course,  either  land  planes 
or  amphibians. 

Questions  (Page  218) 

1.  So  they  can  take  off  or  land  on  ground, 
water,  or  snow  and  ice. 

2.  Fuselage.  Nose.  Tail. 

3.  Having  one  pair  of  wings.  Having  two 
pairs  of  wings.  Monoplane. 

4.  It  has  no  wings,  no  propeller  on  the  nose 
but  a set  of  rotating  blades  above  the  fuselage 
and  a small  propeller  on  the  tail.  Not  only  can 
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it  fly  forward,  but  it  flies  backward,  sideways, 
straight  up  and  down,  or  even  stands  still  in 
the  air. 

How  is  an  airplane  kept  up  in  the  air? 
(Pages  219-224) 

Concepts 

1.  The  Wright  brothers’  airplane  was  the 
first  successful  plane  because  they  had  invented 
a better  set  of  controls. 

2.  To  get  an  airplane  into  the  air  and  keep 
it  there,  the  upward  force  must  be  equal  to  or 
greater  than  the  downward  pull  of  gravity. 

3.  Airplanes  are  built  so  that  the  force  of 
air  upward  on  the  wings  is  greater  than  the 
downward  force  of  air  above  the  wings  when 
the  plane  is  in  motion. 

a)  Air  pushes  in  all  directions — down- 
ward, upward,  and  sideways. 

b)  The  force  of  air  moving  against  the 
slanting  wings  of  the  plane  helps  overcome 
the  force  of  gravity. 

c ) The  force  of  the  air  down  on  the 
wings  is  less  than  the  force  of  the  air  up  on 
the  wings;  this  helps  overcome  the  force  of 
gravity. 

d ) The  force  of  air  is  less  when  air  is 
moving  fast. 

e)  The  wing  is  curved  so  that  the  air 
moves  faster  over  the  top  of  the  wing  than 
over  the  bottom  of  the  wing. 

4.  The  upward  force  of  air  on  the  wings  is 
called  the  lift. 

5.  The  propeller  drives  the  plane  forward  by 
pushing  back  on  the  air. 

Experiments 

Pages  220-221:  To  show  that  air  pushes  up- 
ward as  well  as  downward. 

Materials;  Glass  tube,  glass  of  water,  piece 
of  smooth  cardboard. 

Page  222:  To  show  that  when  air  moves 
faster  over  the  top  of  a surface  than  under  it, 
the  force  of  the  air  is  greater  up  than  down. 

Materials:  Two  strips  of  paper  one  inch 
wide  and  ten  inches  long. 


Pages  223-224:  To  show  that  air  can  lift  some- 
thing when  it  pushes  up. 

Materials  : Glass  U-tube,  water. 

Procedure 

The  concepts  should  be  developed  in  the 
order  given  in  the  list  above.  A proper  under- 
standing of  these  concepts  is  essential  to  the 
solution  of  the  problem.  To  begin  the  unit, 
have  the  children  read  and  discuss  the  text 
down  to  the  end  of  the  second  whole  para- 
graph of  the  first  column  on  page  220. 

Before  the  pupils  read  the  explanation  that 
starts  at  the  bottom  of  the  first  column  on  page 
220,  ask  some  questions  about  gravity  such  as: 
“What  happens  if  you  let  go  of  a stone  you  are 
holding  in  your  hand?”  “Why?”  “If  you  throw 
a ball  in  the  air,  what  will  happen?”  “Why?” 
“What  do  you  have  to  do  to  throw  the  ball 
higher  in  the  air?”  “Why  does  the  ball  not 
keep  right  on  going  up  ?”  “What  makes  it  come 
back  to  the  earth?”  “If  you  lift  a bucket  of 
water  off  the  ground,  what  do  you  have  to  do  ?” 
“Why  do  you  have  to  use  force  to  lift  the 
bucket?”  “Why  do  you  think  that  an  airplane 
must  have  an  engine?”  “What  happens  if  the 
engine  stops  running?”  “How  do  you  think  an 
airplane  is  able  to  stay  in  the  air?”  (You  will, 
of  course,  not  get  a complete  answer  at  this 
point.  It  is  desirable  to  have  the  pupils  antici- 
pate the  explanation.  The  questions  you  have 
raised  will  lead  them  to  see  what  the  problem 
is.) 

Now  raise  the  question,  “Do  you  think  that 
an  airplane  could  fly  if  there  were  no  air?” 
Boys  will  probably  answer,  “It  could  not  fly; 
air  is  necessary.”  Then  say,  “Before  we  can  find 
out  how  the  air  helps  an  airplane  fly,  we  will 
need  some  facts  about  air.”  Next  have  pupils 
read  from  the  bottom  of  column  one  to  the 
experiment  in  the  last  paragraph  on  page  220. 
Ask,  “What  facts  about  air  are  given?”  List 
these  on  the  board.  Then  have  the  children  read 
and  do  the  experiment  and  answer  the  ques- 
tions. Ask  “What  does  the  experiment  show?” 
Write  on  the  board  the  fact  “Air  pushes  up- 
ward as  well  as  downward.”  Then  do  the  ex- 
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periment  with  the  glass  and  cardboard.  Empha- 
size that  the  bottom  of  the  glass  cuts  off  the 
force  of  the  air  so  that  it  does  not  press  down 
on  the  water  inside  the  glass. 

To  show  how  the  moving  air  lifts  a kite,  you 
can  make  a small  kite  and  hold  it  in  front  of 
an  electric  fan.  If  the  face  of  the  kite  is  held 
straight  up  and  down,  the  air  will  simply  move 
it  backward.  If  the  face  of  the  kite  is  held  at 
a slant,  the  kite  will  move  upward. 

In  doing  the  experiment  in  which  you  blow 
over  the  top  of  the  strip  of  paper  held  to  the 
lips,  be  sure  that  the  children  see  the  forces 
that  are  acting.  Make  a drawing  on  the  board 
like  the  one  shown  in  the  picture.  Ask,  “What 
pulls  the  paper  down?”  Then  draw  an  arrow 
down  from  the  lower  part  of  the  paper  and 
label  it  “Gravity  is  pulling  down.”  Ask,  “Is  air 
pushing  up  on  the  paper  ? Is  air  pushing  down 
on  the  paper?”  Draw  arrows  showing  air  push- 
ing up  and  also  air  pushing  down.  Then  let  the 
pupils  do  the  experiment.  Get  the  children  to 
see  that  the  force  of  gravity  is  still  the  same 
but  that  the  force  of  the  air  pushing  up  must  be 
greater  than  the  force  of  the  air  pushing  down. 
Then  ask,  “Did  the  air  move  faster  over  the 
bottom  of  the  paper  or  over  the  top  of  the 
paper?”  “When  air  moves  faster,  does  it  push 
harder  or  not  as  hard  on  the  paper?”  “How  do 
you  know?”  List  the  facts  on  the  board. 

The  next  experiment  with  the  two  strips  of 
paper  verifies  the  conclusion  that  the  air  has 
less  force  down  on  the  top  of  the  paper  than  it 
does  up  on  the  paper,  because  the  air  is  moving 
faster.  Children  will  naturally  believe  that  blow- 
ing between  the  two  strips  will  force  the  strips 
farther  apart.  Before  they  do  the  experiment, 
ask  them,  “What  do  you  think  will  happen?” 
“If  the  papers  move  farther  apart,  what  will 
this  show?” 

Now  refer  them  to  the  picture  of  the  wing 
on  page  222.  Raise  questions  such  as,  “What  is 
the  shape  of  the  wing?”  “Does  the  air  travel- 
ing over  the  wing  go  faster,  slower,  or  at  the 
same  speed  as  the  air  under  the  wing?”  “What 
effect  will  this  have  on  the  force  of  the  air 
down  on  the  wing?”  “Will  there  be  more  force 


up  on  the  wing  or  down  on  the  wing?”  “Why 
does  the  plane  stay  in  the  air?”  List  the  facts 
on  the  board.  Pupils  can  now  understand  why 
an  airplane  must  be  moving  to  stay  in  the  air. 
There  will  be  no  upward  force  on  the  wings 
unless  the  air  is  rushing  over  and  under  the 
wings.  Let  the  pupils  read  the  first  three  para- 
graphs and  the  summary  on  page  223  to  check 
their  conclusions. 

The  children  are  now  ready  to  do  the  experi- 
ment with  the  U-tube  described  on  page  223 
and  pictured  on  page  224.  This  shows  that  air 
can  lift  something  when  it  pushes  up.  Now  let 
the  pupils  read  and  discuss  the  rest  of  the 
problem.  For  additional  activities,  see  Things 
to  Do,  page  239,  Nos.  4,  5,  7,  9,  11,  and  14. 

Questions  (Page  224) 

1.  Answers  will  vary. 

2.  The  plane  was  light;  the  gasoline  engine 
gave  enough  power  without  too  much  weight; 
and  most  important  of  all,  the  controls  were 
better. 

3.  The  wing  is  slanted  so  that  the  air  rushes 
against  the  underside  of  the  wing  when  the 
plane  is  moving  and  pushes  upward.  The  wing 
is  shaped  so  that  air  must  move  faster  over  the 
curved  top  than  the  underside;  this  makes  the 
force  less  on  top.  By  increasing  force  underneath 
and  decreasing  force  on  top,  the  lift  becomes 
greater  than  the  weight  of  the  plane.  See  the 
picture  on  page  222. 

4.  It  pushes  back  on  the  air,  driving  the 
plane  forward  fast  enough  to  keep  it  up  in  the 
air. 

5.  Air  rushing  against  the  slanting  underside 
of  the  wings;  air  rushing  over  the  curved  top 
of  the  wings.  Second  way. 

How  is  an  airplane  controlled? 

(Pages  225-228) 

Concepts 

1.  Instruments  tell  the  pilot  the  height,  the 
air  speed,  the  direction,  etc.,  of  the  plane. 

2.  The  direction  of  an  airplane  is  controlled 
by  certain  parts  that  the  pilot  can  move. 
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a)  Moving  the  rudder  turns  the  plane  to 
the  right  or  left. 

b ) Moving  the  elevator  makes  the  nose  of 
the  plane  point  up  or  down. 

c ) Moving  the  ailerons  makes  the  plane 
tilt  sideways  to  the  left  or  right. 

3.  The  speed  of  an  airplane  engine  is  con- 
trolled by  the  throttle. 

Observation 

Pages  226-227 : To  observe  the  parts  that  con- 
trol an  airplane. 

Material:  Small  model  airplane  or  toy 
glider. 

Procedure 

To  start  the  problem,  have  the  pupils  read 
and  discuss  page  225.  They  should  also  ex- 
amine the  picture  on  that  page.  Probably  the 
best  way  for  the  pupils  to  learn  how  the  con- 
trols of  an  airplane  work  is  to  have  the  pupils 
make  a table  on  the  board  which  shows  how 
the  plane  moves  when  the  rudder,  elevator,  and 
ailerons  are  moved.  A model  airplane  can  be 
made  from  cardboard.  Cut  out  the  movable 
parts  and  fasten  them  with  scotch  tape  so  that 
they  can  be  moved. 

Now  have  pupils  read  the  paragraph  on  page 
226  dealing  with  the  rudder.  They  should  also 
examine  the  pictures  at  the  top  of  the  page  and 
move  the  rudder  on  the  plane.  Show  them  what 
happens  to  the  nose  of  the  plane  when  the  rud- 
der is  moved  to  the  right  or  left.  Then  have 
pupils  tell  what  to  write  on  the  board.  Be 
sure  that  the  children  understand  why  the  air- 
plane will  move  in  a certain  direction.  Guiding 
a plane  is  merely  a matter  of  arranging  the  con- 
trols so  that  the  wind  will  strike  the  surfaces 
in  a certain  way.  Carry  on  the  same  procedure 
with  the  elevator  and  ailerons. 

To  show  what  happens  when  the  plane 
leaves  the  ground  for  a short  flight  and  then 
returns,  have  some  pupil  demonstrate  with  the 
cardboard  plane.  In  other  words,  at  the  take-off 
the  elevator  is  lowered  (have  pupil  lower  the 
elevator),  the  tail  is  lifted  off  the  ground  (have 
pupil  do  this),  and  so  on  for  the  flight  described 


on  pages  227-228.  The  pupils  should  then  read 
and  discuss  the  rest  of  the  problem.  For  addi- 
tional activities,  see  Things  to  Do,  page  239, 
Nos.  2 and  3. 

Questions  (Page  228) 

1.  It  can  go  up  and  down  or  tilt  sideways 
as  well  as  go  forward  and  to  the  right  or  left. 

2.  List  may  include:  Taxi  to  the  end  of  the 
runway;  push  rudder  to  turn  into  the  wind; 
open  the  throttle;  push  stick  forward  to  lift 
the  tail;  watch  air  speed;  slowly  pull  stick  back 
to  take  off.  For  a landing:  circle  field  to  line  up 
a runway  into  the  wind;  push  forward  on  stick 
to  point  nose  down  while  gliding  toward  end 
of  runway;  when  near  the  ground,  pull  back 
on  stick  to  lower  tail;  close  throttle. 

3.  Wind  rushing  past  wings  gives  extra  lift. 

4.  The  two  landing  wheels  and  the  tail  touch 
ground  at  the  same  time. 

5.  Tachometer  shows  how  fast  the  engine  is 
turning.  Altimeter  shows  how  high  above  the 
earth  the  plane  is  flying.  Rudder  is  used  to 
make  the  plane  turn  right  or  left.  Stic\  controls 
elevator  and  ailerons.  Elevator  raises  or  lowers 
tail  to  make  nose  point  up  or  down.  Fin  helps 
keep  plane  flying  straight.  Compass  shows  di- 
rection of  flight.  Air-speed  indicator  shows  how 
fast  plane  is  traveling  through  the  air.  Stabilizer 
helps  keep  the  plane  flying  level.  Ailerons  are 
used  to  raise  or  lower  each  wing  to  make  the 
plane  tilt  sideways.  Throttle  controls  flow  of 
gasoline  into  engine. 

What  kinds  of  engines  drive  airplanes? 
(Pages  229-231) 

Concepts 

1.  There  are  two  kinds  of  gasoline  engines 
used  in  airplanes  today. 

a ) The  in-line  engine  has  its  cylinders  in 

a straight  line  with  the  propeller  shaft. 

b)  The  radial  engine  has  its  cylinders  ar- 
ranged around  the  propeller  shaft  like  the 

spokes  of  a wheel. 

2.  A pump  called  a supercharger  is  used  to 
get  more  oxygen  into  the  cylinders  of  an  engine 
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when  the  plane  is  high  above  the  earth  where 
the  air  is  thin. 

3.  Jet  propulsion  drives  a plane  forward  by 
the  backward  rush  of  expanding  air. 

Experiment 

Page  231 : To  show  how  a backward  rush  of 
gas  can  drive  something  forward. 

Material:  Toy  balloon. 

Procedure 

Have  the  pupils  recall  some  of  their  expe- 
riences with  the  gasoline  engine  of  an  automo- 
bile. Discovering  Our  World,  Book  Two,  page 
62,  has  a picture  of  the  engine  in  an  automobile. 
Show  the  children  this  picture  and  point  out 
that  the  up-and-down  motions  of  the  pistons 
(the  parts  that  move  up  and  down  inside  the 
cylinders)  make  the  shaft  connected  to  them 
move  round  and  round.  This  same  process 
takes  place  when  an  in-line  or  radial  engine 
turns  a propeller.  Review  the  facts  that  the 
liquid  gasoline  is  mixed  with  air  and  changes 
to  a gas,  that  the  mixture  of  gas  and  air  goes 
into  the  cylinder  of  the  engine,  that  a spark 
explodes  the  mixture,  and  that  the  force  of  the 
explosion  moves  the  piston  in  the  cylinder. 

Now  have  the  children  read  down  to  the  last 
paragraph  on  page  230  and  examine  the  pic- 
tures on  that  page.  After  discussing  the  text, 
they  should  do  the  experiment  on  page  231  and 
read  to  the  end  of  the  problem.  Things  to  Do, 
page  239,  No.  10,  suggests  an  additional  activity. 

Questions  (Page  231) 

1.  It  had  to  be  both  powerful  and  not  too 
heavy. 

2.  Diferent:  An  in-line  engine  has  cylinders 
placed  in  a straight  line  with  the  shaft  and 
cooled  by  a liquid.  A radial  engine  has  cylinders 
placed  in  a circle  around  the  shaft  and  cooled 
by  air  rushing  past.  Alike : Both  use  gasoline 
and  may  have  more  than  one  row  of  cylinders. 

3.  Superchargers  press  thin  air  together  and 
force  it  into  an  engine.  When  a plane  flies 
high  above  the  earth  where  air  is  thin,  it  needs 
extra  oxygen  to  burn  the  gasoline  completely. 


4.  No.  Jet-propelled  planes  are  driven  by  the 
backward  rush  of  hot,  expanding  gases. 

What  is  an  airplane  trip  like? 

(Pages  232-238) 

Concepts 

1.  Airplanes  carry  millions  of  people  and 
tons  of  freight  every  year. 

2.  Air  lines  use  various  ways  to  make  flying 
safer. 

a)  Controllers  or  dispatchers  in  the  con- 
trol tower  of  the  airport  give  the  signal  when 
the  runways  are  all  clear  for  taking  off  and 
landing. 

b ) De-icers  remove  the  ice  from  the  wings 
and  other  parts  of  the  plane. 

c ) Beacons  tell  the  pilot  where  he  is  and 
mark  obstructions. 

d ) The  radio  beam  guides  the  pilot  when 
clouds  or  fog  hide  beacons  or  other  lights. 

Procedure 

This  problem  gives  the  children  an  idea  of 
what  happens  on  an  airplane  trip.  If  some  child 
has  taken  a trip  in  a plane,  ask  him  to  tell  his 
experiences.  After  discussion,  the  children 
should  read  the  story  to  find  out  what  an  air- 
plane trip  is  like.  The  whole  story  should  be 
read  before  any  questions  are  asked,  because 
the  aim  is  a bird’s-eye  view  of  an  airplane  trip. 
The  questions  at  the  end  of  the  problem  pro- 
vide a guide  for  the  discussion.  Children  can 
also  be  asked  to  tell  how  an  airplane  trip  is 
different  from  a train  trip.  This  will  help  bring 
out  the  precautions  that  are  necessary  for  safe 
travel  by  plane.  For  additional  activities,  see 
Things  to  Do,  page  239,  Nos.  6,  8,  12,  and  13. 

Questions  (Page  238) 

1.  List  may  include:  handling  of  passengers 
(checking  tickets,  weighing  luggage,  checking 
safety  belts,  etc.) ; loading  the  plane  (baggage, 
mail,  and  food) ; preparing  the  plane  (a  check 
by  mechanics,  fueling) ; and  pilot  duties  (read- 
ing all  weather  reports,  filing  flight  plan,  check- 
ing wind,  contacting  control  tower,  etc.). 
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2.  Because  bad  weather  is  a great  danger  to 
flying;  direction  and  speed  of  wind  may  deter- 
mine at  what  height  plane  is  to  be  flown; 
weather  often  changes  very  suddenly. 

3.  Safety:  mechanics  keep  planes  in  good 
working  order;  pilots  must  have  good  health 
and  a great  deal  of  training  and  experience; 
latest  weather  reports  are  given  to  the  pilot; 
the  controller  prevents  accidents  at  the  airport; 
constant  radio  contact  is  kept  with  ground 
stations;  planes  are  equipped  with  automatic 
pilots,  de-icers,  lights,  etc.;  and  on  the  ground, 
there  are  such  aids  as  wind  tees,  beacons,  radio 
signals,  etc. 

Comfort : comfortable  seats  with  safety  belts; 
hostess  to  serve  food  and  care  for  passengers; 
water  for  drinking  and  washing  is  supplied; 
superchargers  pump  warm  air  into  the  cabin 
during  flight  in  cold  air;  air-conditioning  units 
make  air  comfortable  when  plane  is  on  the 
ground. 

4.  Answers  will  vans  but  may  be  similar  to 
the  following:  W indr-dfrection  indicator  shows 
the  direction  of  the  windhover  the  ground;  may 
be  a wind  sock  or  wihd  teb.  Dispatcher  or  con - 
^ro/ferdtelps  prevent  a(adfe»ts^by  directing  air- 
port traffic;  instructs  pilots  by  radio.  Dra%  is  the 
backward  push  of  air  on  a plane  in  flight. 
Light  beacon , one  revolving  light  and  two  fixed 
lights  mounted  on  a tower,  marks  an  airway 
by  flashing  light  signals  to  pilots;  may  also 
mark  mountains  or  other  obstructions.  Radio 
beam  is  a steady  hum  a pilot  hears  when  flying 
on  course.  Wing  flaps  can  be  lowered  to  give  a 
plane  extra  lift  when  taking  off  or  to  slow  it 
down  when  landing.  Control  tower  is  the 
glassed-in  tower  at  an  airport  from  which  the 
controller  can  see  all  runways.  Head  wind  is  a 
wind  blowing  from  the  direction  in  which 
a plane  is  heading.  Tail  wind  is  a wind  blowing 
in  the  same  direction  a plane  is  flying.  De-icer 
is  a rubber  instrument  on  the  front  edge  of  a 
wing  or  tail  into  which  air  can  be  pumped  to 
make  it  bulge  and  break  up  ice.  Running  lights 
on  a plane  are  red,  green,  and  white  lights 
which  are  turned  on  at  night  to  prevent  acci- 
dents in  the  dark. 


Questions  to  answer  (Page  238) 

1.  Airplanes  are  faster,  carry  more  weight, 
can  be  steered,  etc. 

2.  See  drawing,  page  216.  Tail  keeps  plane 
straight  and  level  and  helps  steer  it.  Wings  lift 
the  plane  up  in  the  air  and  help  steer  it.  Engine 
supplies  power  to  push  it  forward.  Pilot’s  cock- 
pit contains  seats  for  pilot  and  co-pilot,  instru- 
ments, and  radio  equipment.  Fuselage  holds  the 
passengers  and  cargo.  Landing  gear  supports 
plane  when  on  the  ground.  Propeller  moves 
the  plane  and  helps  it  stay  up  in  the  air. 

3.  Bad  weather.  Clouds,  fog,  rain  prevent 
pilot  from  seeing  the  ground.  This  is  especially 
dangerous  on  landings  and  take-offs.  Icing  may 
harm  the  propeller  and  shape  of  wings,  forcing 
the  plane  down.  High  winds  and  storms  may 
damage  plane  or  throw  it  off  course. 

4.  Running  increases  the  force  of  the  air 
against  the  kite.  The  kite  is  tilted  so  that  air 
pushes  harder  on  the  underside  than  on  top 
and  thus  lifts  it  up. 

5.  Life:  Both  have  body,  wings,  and  tail. 
Different:  Bird  gets  energy  from  muscles  and 
lift  by  moving  wings.  Airplane  has  an  engine 
and  depends  for  lift  on  the  force  of  air  on 
specially  shaped  wings. 

6.  They  do  not  need  long  runways  or  large 
airports  but  can  land  or  take  off  from  a very 
small  space.  The  fact  that  they  can  move  in 
any  direction  or  stand  still  in  the  air  makes 
them  more  useful  for  rescue  work,  observation, 
reaching  out-of-the-way  places,  etc. 

7.  Advantages:  It  is  many  times  faster  and 
can  be  used  to  reach  places  where  trains  and 
boats  cannot  go.  Disadvantages:  Not  all  towns 
and  cities  have  airports.  Because  of  weather, 
planes  cannot  fly  at  all  times. 

8.  The  lighter  the  plane,  the  less  force 
needed  to  lift  it.  Materials  must  be  strong  to 
resist  the  force  of  air  against  them. 

Things  to  do  (Page  239) 

1.  Pictures  may  be  found  in  any  of  the  many 
aviation  magazines,  Popular  Mechanics , Popu- 
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lar  Science,  Science  Illustrated,  Current  Science 
and  Aviation,  Life,  etc. 

2.  Some  students  may  have  powered  models 
built  at  home.  If  not,  even  small  cardboard 
models  will  help  the  class  learn  the  parts  of 
a plane.  Small  models  can  be  used  in  making 
a model  airport  in  activity  No.  8. 

3.  Individual  report. 

4-5.  Individual  or  group  activity. 

6.  One  source  is  the  Civil  Aeronautics  Ad- 
ministration, Dept,  of  Commerce,  Washington 
25,  D.C. 

7.  This  poem  may  be  found  in  anthologies 
such  as  The  Home  Boo\  of  Verse  for  Young 
Fol\s  by  B.  E.  Stevenson.  New  York:  Henry 
Holt  & Co.,  1929. 

8.  Individual  or  group  activity. 

9.  See  encyclopedias  under  “Balloon.”  Jo- 
seph and  Jacques  Montgolfier  are  credited  with 
beginning  aerial  navigation  when,  in  1783,  they 
sent  a smoke-filled  paper  balloon  1000  feet  over 
Paris. 


10.  See  almanacs.  Newspaper  offices  and 
airports  may  have  more  recent  information. 

11.  Langley,  secretary  of  the  Smithsonian 
Institution,  first  demonstrated  the  laws  of  flight 
with  successful  models,  though  his  two  tests 
with  full-sized  planes  failed.  In  1896,  the  year 
of  Langley’s  first  test,  Chanute  made  his  first 
successful  glider  flight.  Only  a few  days  after 
Langley’s  second  test  in  1903,  the  Wright 
brothers  flew  their  plane  at  Kitty  Hawk. 

12-13.  Individual  reports. 

14.  All  of  these  came  to  a disastrous  end. 
The  first  three  were  built  by  the  United  States. 
The  Shenandoah  was  torn  in  two  by  a violent 
shift  of  wind  in  Ohio  in  1925.  The  Akron  was 
destroyed  by  a storm  off  the  New  Jersey  coast 
in  1933.  The  Macon  fell  into  the  ocean  off  the 
California  coast  in  1935.  The  Hindenburg,  a 
German-built  ship,  made  ten  round  trips  across 
the  Atlantic  in  1936.  But  the  next  year  it  caught 
fire  as  it  came  to  its  mooring  in  Lakehurst, 
New  Jersey,  and  burned  in  half  a minute. 


UNIT 


Where  Do  New  Plants  and  Animals  Come  From? 


Purpose  and  scope 

In  this  elementary  treatment  of  reproduction, 
certain  broad  understandings  should  be  empha- 
sized. The  pupils  should  complete  the  unit  with 
these  understandings  clearly  in  mind:  (1) 
Every  living  thing  comes  from  another  living 
thing  of  the  same  kind.  (2)  Every  living  thing 
begins  its  life  as  a single  cell,  which  grows  and 
divides  into  more  cells.  Throughout  the  unit, 
these  ideas  are  continually  stressed.  Each 
method  of  reproduction  illustrates  them.  In 
this  way,  pupils  should  come  to  see  that  the 
same  general  principles  underlie  all  reproduc- 
tion. Only  the  methods  are  different. 

As  indicated  in  Science  Background , this 
unit  extends  many  concepts  developed  in  ear- 
lier units.  These  concepts  should  be  recalled, 
or  retaught  if  necessary,  as  the  study  of  the 
unit  progresses. 


Science  background 
Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 

3,  Plants 

Discovering  Our  World , Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 

Discovering  Our  World , Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  8,  Where  Does  All  the  Food  of 
the  World  Come  From?  Unit  9,  How  Can 
You  Make  a Garden? 

Discovering  Our  World , Boo\  Three:  Unit 

4,  How  Do  Germs  Make  You  Sick? 
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General  concepts 

1.  Plants  with  flowers  can  make  seeds  from 
which  new  plants  will  grow. 

2.  A flower  has  different  parts  that  help  in 
making  seeds. 

3.  A flower  can  make  seeds  only  after  a 
pollen  cell  joins  with  an  egg  cell. 

4.  A seed  has  three  parts : the  tiny  new  plant, 
the  food  stored  around  it,  and  the  seed  coat 
that  protects  the  new  plant  and  its  food. 

5.  The  part  of  any  plant  that  contains  the 
seeds  is  called  the  fruit. 

6.  Some  plants  (annuals)  live  only  one  year; 
others  (biennials)  live  two  years;  still  others 
(perennials)  live  more  than  two  years. 

7.  Some  plants  can  make  new  plants  from 
parts  such  as  stems,  roots,  leaves,  and  bulbs. 

8.  Plants  without  flowers  cannot  make 
seeds;  they  make  new  plants  by  dividing,  bud- 
ding, or  producing  spores. 

9.  Animals,  like  plants,  come  from  another 
living  thing  of  the  same  kind. 

10.  Every  living  thing  begins  its  life  as  one 
little  cell. 

11.  Some  kinds  of  animals  feed  and  protect 
their  young;  others  do  not. 

12.  The  earth  is  not  overrun  with  living 
things  because  many  plants  and  animals  die 
before  they  can  produce  others  like  themselves. 

13.  Even  the  living  things  that  get  a chance 
to  grow  do  not  live  forever. 

14.  We  should  help  conserve  wild  animals 
and  plants  because  we  need  and  enjoy  them. 

15.  There  are  various  ways  of  conserving 
wild  animals  and  plants. 

Introducing  the  unit  (Page  241) 

Procedure 

One  way  to  introduce  this  unit  is  to  let  the 
pupils  examine  the  pictures.  Many  of  the  things 
illustrated  could  not  have  been  seen  without 
a magnifying  glass  or  a microscope.  A discus- 
sion of  the  question  in  the  second  paragraph 
on  page  241  will  bring  out  the  progress  of  sci- 
ence that  resulted  from  experiments  and  better 
instruments.  From  Unit  4,  pupils  should  recall 


the  importance  of  the  microscope  in  the  dis- 
covery and  study  of  germs. 

Another  way  to  begin  the  unit  is  to  ask 
the  pupils  the  question  stated  in  the  unit  title. 
From  earlier  experiences,  they  already  know 
that  some  plants  grow  from  seeds,  others  grow 
from  spores;  they  also  know  that  some  animals 
hatch  from  eggs  and  others  are  born  alive. 
Then  have  the  pupils  read  and  discuss  page  241, 
which  gives  some  examples  of  the  non-scientific 
practice  of  drawing  conclusions  without 
enough  evidence.  Also  urge  the  pupils  to  carry 
out  the  activity  suggested  in  the  last  paragraph. 
It  will  raise  some  questions  to  be  answered  in 
the  problems  that  follow. 

What  are  the  parts  of  a flower? 
(Pages  242-244) 

Concepts 

1.  Plants  with  flowers  can  make  seeds  from 
which  new  plants  will  grow. 

2.  A flower  has  different  parts  that  help  in 
making  seeds. 

a)  Sepals  protect  the  petals,  pistil,  and 
stamens  until  the  flower  opens. 

b)  Pollen  from  the  stamens  must  fall  on 
the  stigma  of  the  pistil  before  a flower  can 
make  seeds. 

c ) Many  flowers  will  make  better  seeds 
if  the  pollen  comes  from  another  flower  of 
the  same  kind. 

Observations 

Page  243:  To  observe  the  parts  of  flowers. 
Materials:  Flowers  showing  petals,  sepals, 
pistils,  and  stamens. 

Page  243:  To  observe  pollen. 

Materials:  Microscope  (optional),  pollen. 

Information  for  the  teacher 

Pictures.  Pages  242-243.  Most  flowers  vary 
from  the  ideal  flower  usually  pictured  diagram- 
matically.  Some  flowers  do  not  have  all  the 
parts.  Those  that  do,  such  as  the  flowers  shown 
on  these  pages,  may  show  variation  in  color, 
form,  or  number  of  parts.  The  lily  is  like  the 
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tulip,  because  the  sepals  are  the  same  color  as 
the  petals.  Only  the  petals  are  visible  in  the 
poppy.  The  sepals  usually  fall  off  when  the 
flower  opens. 

The  pistil  of  a flower  usually  consists  of  the 
swollen  base,  or  ovary,  where  the  ovules  and 
later  the  seeds  are  formed;  a long,  slender  stalk, 
called  the  style;  and  the  sticky  end  of  the  style, 
called  the  stigma . In  the  tulip,  the  style  is  al- 
most completely  lacking.  This  gives  the  pistil 
more  the  appearance  of  a column  than  of  a 
stalk. 

Some  flowers,  such  as  the  buttercup,  have 
more  than  one  distinct  pistil.  Very  often  the 
pistils  are  united  at  the  base  to  make  a com- 
pound pistil.  Then  there  may  be  one  style  or 
several  coming  from  the  ovary.  In  the  poppy, 
the  stigmas  of  several  pistils  are  united  to  form 
a ring. 

A stamen  consists  of  the  long  stalk,  or  fila- 
ment, and  the  knoblike  end  of  the  filament, 
called  the  anther,  in  which  the  pollen  is  formed. 
The  number  of  stamens  varies.  The  apple,  but- 
tercup, and  poppy  have  many  stamens,  while 
the  tulip  and  lily  have  only  six.  Anthers  also 
vary  greatly  in  color  and  shape. 

Procedure 

The  parts  of  a flower  are  taught  here  only  to 
help  pupils  understand  how  a flower  makes 
seeds.  When  the  class  meets,  have  on  hand 
various  kinds  of  flowers  whose  parts  can  easily 
be  identified.  If  possible,  have  some  of  those 
illustrated  on  pages  242-243.  To  introduce  the 
unit,  have  the  pupils  find  the  different  parts  of 
the  flowers  by  using  the  pictures  on  page  242 
as  guides.  Since  the  parts  vary  in  different 
flowers,  the  pupils  should  examine  as  many 
different  flowers  as  possible.  (If  no  flowers  are 
available,  pupils  may  learn  the  parts  from  the 
pictures  on  page  242.  Practice  in  recognizing 
the  parts  is  given  by  the  pictures  on  page  243.) 
The  pupils  should  now  read  the  text  down  to 
the  end  of  the  first  column  on  page  243  to  check 
their  findings  and  acquire  additional  informa- 
tion. Urge  them  to  carry  out  the  activity  in  the 
last  paragraph. 


Pupils  should  next  examine  pollen  under  a 
microscope.  If  a microscope  is  not  available, 
have  them  use  the  picture  at  the  left  on  page 
244.  Now  let  the  pupils  read  and  discuss  the 
rest  of  the  problem.  They  may  wish  to  tell 
about  experiences  in  which  they  watched  bees 
or  other  insects  go  from  flower  to  flower,  car- 
rying pollen.  For  an  additional  activity,  see 
Things  to  Do,  page  269,  No.  13. 

Questions  (Page  244) 

1.  Petal,  sepal,  stamen,  pistil,  stigma. 

2.  Protect  the  petals  and  other  parts  of  the 
flower  until  it  opens. 

3.  The  stamens  may  bend  over  and  touch  the 
pistil.  If  the  stamens  are  taller  than  the  pistil, 
pollen  may  drop  from  the  stamens  and  fall  on 
the  pistil. 

4.  Carried  by  the  wind  or  insects. 

5.  New  plants  will  grow  from  the  seeds. 

How  do  flowers  make  seeds? 

(Pages  245-249) 

Concepts 

1.  A flower  can  make  a seed  only  after  a 
pollen  cell  joins  with  an  egg  cell. 

a)  When  the  two  cells  join,  the  new  cell 
is  made. 

b ) The  new  cell  grows  and  divides  into 
more  new  cells  that  make  a tiny  plant. 

c ) Other  cells  make  food  that  is  stored 
around  the  young  plant  or  make  a covering 
for  the  plant  and  its  food. 

2.  A seed  has  three  parts:  the  tiny  new  plant, 
the  food  stored  around  it,  and  the  seed  coat  that 
protects  the  new  plant  and  its  food. 

3.  The  part  of  a plant  that  contains  the 
seeds  is  called  the  fruit. 

4.  Some  plants  (annuals)  live  only  one  year; 
others  (biennials)  live  two  years;  still  others 
(perennials)  live  for  more  than  two  years. 

Observation 

Page  246:  To  observe  some  cells. 

Materials:  Microscope,  thin  skin  from  an 
onion,  algae. 
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Information  for  the  teacher 

Pictures.  Page  245.  Left,  pollination.  Right, 
fertilization.  These  pictures  are,  of  course,  dia- 
grams. The  diagrams  show  one  ovule  in  each 
ovary.  The  number  of  ovules  varies  greatly 
among  plants.  The  buttercup  has  one  to  an 
ovary,  the  snapdragon  two  hundred  or  more. 
Within  the  ovule  is  the  so-called  embryo  sac 
(“tiny  sack”  in  the  text)  that  contains  the  egg 
cell.  At  this  level,  the  pupils  need  only  to  un- 
derstand that  the  egg  cell  is  inside  the  ovule 
(labeled  “sack”  in  the  diagram). 

In  the  fertilization  diagram,  just  one  pollen 
tube  is  shown  growing  down  the  style  to  the 
ovule.  Many  pollen  grains  land  on  the  stigma, 
and  a number  germinate  and  grow  down  to- 
ward the  ovule.  When  there  is  more  than  one 
ovule,  the  first  tube  down  enters  the  nearest 
ovule.  The  others  are  turned  aside  in  some  way 
and  grow  toward  the  other  ovules.  When  there 
is  only  one  ovule,  the  other  pollen  tubes  stop 
growing  when  one  reaches  the  ovule. 

Page  246.  The  threadlike  water  plants  are, 
top,  the  green  alga  Spirogyra  and,  bottom,  the 
green  alga  Ulothrix.  The  one-celled  plants  are 
the  blue-green  alga  Gleocapsa.  They  are  all  dis- 
tinguished by  a thick  gelatinous  sheath  around 
them.  Visible  in  each  cell  are  the  green  chloro- 
plasts  and  the  nucleus.  These  and  other  com- 
mon green  algae  can  be  found  in  the  quiet 
waters  of  ponds  and  streams. 

Page  247.  A good  botany  text  or  a book  on 
plants  (see  Bibliography)  will  give  further  in- 
formation about  the  different  kinds  of  fruits. 
The  hickory  nut  shows  the  kind  of  fruit  that 
has  two  kinds  of  protective  covering  for  its 
seed;  the  green  outer  shell  turns  black  and 
comes  off,  leaving  the  hard  shell  with  which  we 
are  more  familiar. 

Other  fruits  like  the  pea  are  string  beans, 
lima  beans,  soybeans,  and  fruits  of  locust  trees; 
like  the  apple  are  pears  and  quinces;  like  the 
tomato  are  grapes,  currants,  gooseberries,  and 
blueberries;  like  the  cucumber  are  squash, 
pumpkin,  and  gourds;  like  the  plum  are  peach, 
cherry,  apricot,  and  nectarine. 


Page  248.  Nasturtium  is  an  annual. 

Page  249.  Carrot  is  a biennial. 

Text.  Page  245.  The  part  of  the  pollen  grain 
that  joins  with  the  egg  is  the  sperm  that  has 
been  carried  down  to  the  egg  in  the  pollen  tube. 
After  fertilization,  the  cell  resulting  from  the 
union  of  the  sperm  and  the  egg  grows  and  be- 
comes the  embryo.  The  rest  of  the  embryo  sac 
and  the  ovule  around  it  develop  into  the  other 
parts  of  the  seed,  namely,  the  food  and  the  seed 
coat. 

Procedure 

When  the  pupils  begin  the  study  of  this  prob- 
lem, have  on  hand  some  flowers  that  show  the 
pistils  and  stamens  clearly.  Cut  a pistil  length- 
wise to  show  the  inside.  After  the  pupils  look 
at  the  living  material,  have  them  read  the  first 
three  paragraphs  and  examine  the  diagrams  on 
page  245.  Be  sure  that  the  pupils  understand 
that  most  plants  will  not  look  just  like  the  dia- 
grams although  the  plants  will  have  the  same 
parts. 

Now  have  the  pupils  recall  what  they  have 
learned  about  cells  in  earlier  units  ( Discover- 
ing Our  World,  Boo\  Two,  Unit  8,  page  213, 
and  Boo\  Three,  Unit  4,  page  102).  Then  let 
them  read  the  last  paragraph  on  page  245  and 
make  the  observation  suggested  in  the  first 
paragraph  on  page  246,  using  the  pictures  at 
the  top  of  that  page.  Point  out  the  fact  that 
there  are  many  sizes  and  kinds  of  cells  but  that 
they  all  grow  in  the  same  way. 

Pupils  are  now  ready  to  read  the  next  three 
paragraphs  on  page  246,  which  tell  how  the 
new  cell  grows  into  a seed.  Have  them  exam- 
ine a soaked  bean  seed  and  compare  its  parts 
with  those  that  they  find  in  the  picture  at  the 
bottom  of  the  page.  If  possible,  the  pupils 
should  look  at  other  large  seeds  of  this  type 
and  find  the  parts.  From  Discovering  Our 
World,  Boo\  One,  Unit  8,  pages  197-198,  the 
children  may  recall  the  parts  of  seeds.  They 
should  read  the  summary  at  the  top  of  page 
247  before  studying  the  rest  of  the  problem. 

The  next  three  paragraphs  and  the  pictures 
on  page  247  deal  with  fruits  in  the  scientific 
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sense.  This  use  of  fruit  may  be  surprising  to  the 
pupils.  Let  the  pupils  read  the  text  and  examine 
the  pictures.  Be  sure  that  they  understand  that 
fruit  means  the  part  that  contains  the  seeds. 
Urge  the  children  to  look  for  as  many  different 
fruits  as  they  can  find.  These  may  be  brought  to 
class  and  arranged  in  an  exhibit. 

Have  the  pupils  recall  from  earlier  science 
study  how  seeds  grow  into  new  plants.  They 
should  then  read  the  rest  of  the  problem  and 
examine  the  pictures.  The  questions  in  the  leg- 
ends will  help  the  children  apply  what  they 
have  learned.  Be  sure  that  the  differences  be- 
tween annual , biennial,  and  perennial  are  un- 
derstood. For  additional  activities,  see  Things 
to  Do,  page  269,  Nos.  3,  6,  7,  and  8. 

Questions  (Page  249) 

1.  (b),  (a),  (e),  0),  (/),  (g),  ( d ). 

2.  The  tiny  new  plant  grows,  sending  down 
roots  and  pushing  stem  and  leaves  above 
ground.  The  food  stored  around  the  new  plant 
is  used  until  leaves  can  make  food.  The  seed 
coat  protects  the  tiny  plant  and  its  food  until 
the  plant  sprouts. 

- 3.  The  part  of  any  plant  that  contains  the 
seeds.  Apples,  oranges,  tomatoes,  pumpkins, 
bean  and  pea  pods,  etc. 

4.  Annuals:  petunias  and  poppies.  Biennials : 
cabbages  and  carrots.  Perennials:  trees  and 
tulips. 

How  are  new  plants  made  from  parts 
of  plants?  (Pages  250-253) 

Concept 

Some  plants  can  make  new  plants  from  parts 
such  as  stems,  roots,  leaves,  or  bulbs. 

Observations  and  experiments 

Page  250:  To  observe  that  some  plants  grow 
from  cuttings. 

Materials:  Ivy  plant,  sharp  knife,  sand, 
water. 

Page  251:  To  observe  that  some  plants  grow 
from  underground  stems. 

Materials:  White  potato,  jar  of  water. 


Page  252:  To  observe  that  some  plants  grow 
from  leaves. 

Materials:  Begonia  plant,  coarse  sand. 

Pages  252-253:  To  observe  how  plants  grow 
from  bulbs. 

Materials:  Onion  bulb,  knife,  flower  bulbs, 
dish,  pebbles. 

Information  for  the  teacher 

The  method  of  reproduction  described  in 
this  problem  is  known  as  vegetative  reproduc- 
tion. It  has  great  value  because  it  enables  us 
to  grow  a mature  plant  in  much  less  time  than 
would  be  required  to  grow  the  plant  from 
seeds.  Also  with  many  garden  flowers  and 
fruits,  we  destroy  the  seeds  when  we  use  the 
flower  or  fruit.  However,  vegetative  reproduc- 
tion of  weeds  makes  many  of  them  difficult  to 
get  rid  of.  The  place  on  the  stem  from  which 
strawberries  and  other  similar  plants  send  out 
roots  and  stems  is  known  as  the  node.  The  un- 
derground stem  is  a rhizome.  A shoot  from  a 
parent  plant  producing  buds  and  a new  plant 
is  called  a stolon.  A tuber  is  a small,  fleshy, 
underground  stem  or  shoot  having  tiny  leafy 
scales  with  buds  or  “eyes,”  as  in  the  white 
potato. 

Procedure 

Ask  the  children  whether  they  have  ever 
seen  anyone  planting  something  other  than 
seeds  to  start  some  new  plants.  Farm  children 
may  have  helped  cut  up  “seed”  potatoes  for 
planting.  Others  may  have  planted  tulip  or 
other  bulbs  in  the  fall  or  watched  onion  sets 
being  planted  in  the  garden.  Some  will  have 
seen  their  mothers  take  slips  from  geraniums  or 
other  house  plants,  and  most  will  be  familiar 
with  growing  narcissus  bulbs  in  water.  List 
the  ways  mentioned  on  the  board. 

After  discussing  these  ways  of  growing 
plants,  have  the  children  set  up  as  many  of  the 
experiments  with  vegetative  reproduction  de- 
scribed in  these  pages  as  possible.  They  should 
follow  the  directions  in  the  book  by  reading 
and  looking  at  the  pictures.  Committees  should 
be  chosen  to  make  sure  that  the  plants  are  kept 
moist.  As  the  children  watch  the  plants  over 
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a period  of  time,  they  should  refer  to  the  text 
for  an  explanation  of  what  they  observe. 

When  the  experiments  are  started,  have  the 
children  read  the  problem  to  find  out  about 
the  types  of  vegetative  reproduction  and  to  be- 
come familiar  with  the  names  of  the  different 
types.  For  an  additional  activity,  see  Things 
to  Do,  page  269,  No.  10. 

Questions  (Page  253) 

1.  Stems : ivy,  geranium,  grapevine,  willow, 
poplar;  runners , strawberry;  underground 
stems , quack  grass;  buds:  potato;  roots : rasp- 
berry, barberry,  rose,  blackberry,  phlox,  oriental 
poppy  leaves:  begonia;  bulbs:  onion,  daffodil, 
hyacinth,  lily,  tulip. 

2.  They  will  grow  from  roots  or  under- 
ground stems  if  the  leaves  or  stems  are  cut  off. 

3.  Geranium:  make  a stem  cutting  and  plant 
it  in  moist  sand  to  cover  the  lower  joint;  then 
when  roots  and  leaves  have  grown,  transplant 
into  soil.  Blackberry:  make  a root  cutting. 

4.  The  eyes  are  buds  that  grow  into  new 
plants. 

5.  No.  There  are  underground  stems  such  as 
white  potatoes,  and  buds  such  as  onion  bulbs 
that  grow  underground. 

How  do  plants  without  flowers  make 
new  plants?  (Pages  253-256) 

Concept 

Plants  without  flowers  cannot  make  seeds; 
they  make  new  plants  by  dividing,  budding,  or 
producing  spores. 

Experiments  and  observations 

Page  254:  To  watch  yeast  plants  grow. 

Materials:  Yeast  cake,  sugar,  warm  water, 
test  tube,  cork,  microscope  if  possible. 

Pages  254-255:  To  show  that  mold  grows 
from  spores. 

Materials:  Slice  of  bread,  dusty  cloth,  two 
dishes,  magnifying  glass  or  microscope. 

Page  256:  To  observe  spores  from  mush- 
rooms. 

Materials:  Mushrooms,  sheet  of  paper. 


Information  for  the  teacher 

Pictures.  Page  254.  Top,  yeast  plants,  some 
budding.  Within  the  yeast  plant  may  be  seen 
oil  globules  and  the  clear-looking  spots  called 
vacuoles.  These  vacuoles  contain  a watery  sub- 
stance in  which  many  materials  are  dissolved. 

Page  254.  Bottom,  mycelium  and  spore  cases 
of  the  bread  mold  Rhizopus.  The  left-hand 
picture  shows  the  rootlike  parts,  or  hyphae,  of 
the  mycelium  that  grow  down  into  the  bread 
and  get  food  materials  from  the  bread.  Several 
spore  cases  can  be  seen  on  their  stalks.  The 
center  picture  shows  a much  enlarged  spore 
case  containing  spores.  In  the  right-hand  pic- 
ture, the  case  has  broken,  allowing  the  spores 
to  escape.  A spore  does  not  contain  an  embryo 
plant  as  a seed  does.  A spore  is  a single  cell,  or 
a small  group  of  cells,  that  can  grow  into  a 
new  plant. 

Page  255.  Either  black  or  white  paper  may 
be  used  in  making  spore  prints.  Since  some 
spores  are  white  or  very  light-colored,  the  prints 
often  show  up  better  on  black  paper. 

Page  256.  Left,  fern  frond  showing  spore 
cases  on  the  back  of  one  leaf.  Each  of  these 
brown  dots  is  made  up  of  groups  of  spore' 
cases.  A group  of  spore  cases  like  this  is  known 
as  a sorus.  Right,  moss  plant  showing  stalked 
spore  case  called  a capsule.  This  moss  is  the 
hair-cap  moss  Poly  trie  hum.  Children  may  find 
this  and  other  mosses  that  show  spore  cases. 

Text.  Page  256.  The  seaweeds  referred  to 
are  the  algae.  This  whole  group  reproduces  by 
spores. 

Procedure 

To  start  this  problem,  ask  the  children  to 
name  all  the  kinds  of  plants  they  can  think  of 
that  have  no  flowers  or  seeds.  From  Discover- 
ing Our  World,  Book  One,  Unit  1,  pages  38-43, 
they  should  recall  that  mushrooms,  seaweeds, 
mosses,  and  ferns  reproduce  by  spores  instead 
of  by  seeds.  After  they  have  named  as  many  of 
these  as  they  can,  ask  them  to  recall  what  they 
learned  about  the  reproduction  of  bacteria  in 
Unit  4 of  this  book,  pages  102-103. 
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After  the  discussion,  have  the  class  set  up  the 
experiment  with  the  yeast  plants  to  demon- 
strate reproduction  by  budding.  They  should 
also  carry  out  the  other  activities  suggested  in 
the  text.  As  in  the  previous  problem,  have  the 
children  follow  the  directions  by  reading  the 
text  and  looking  at  the  pictures.  If  a microscope 
is  available,  it  will  add  greatly  to  the  study  of 
this  problem.  However,  a good  magnifying 
glass  and  the  pictures  in  the  text  will  enable 
the  children  to  grasp  the  basic  ideas  of  the 
problem. 

When  the  pupils  have  examined  as  many 
non-seed-bearing  plants  as  possible,  have  them 
read  through  the  problem  for  further  explana- 
tion and  information.  Be  sure  that  the  pupils 
understand  that  the  buds  of  yeast  plants  are  in 
no  way  like  the  buds  of  seed-bearing  plants. 
See  also  Things  to  Do,  page  269,  No.  9,  for 
an  additional  activity. 

Questions  (Page  256) 

1.  One  cell  divides  into  two  cells. 

2.  Little  swellings  called  buds  break  off  and 
grow  into  new  plants. 

3.  Like:  Both  can  grow  into  new  plants. 
Different:  Spores  are  very  much  smaller  and 
do  not  have  the  parts  that  a seed  has. 

4.  Answers  may  include  ferns,  mosses,  sea- 
weeds, molds,  mushrooms. 

Where  do  new  animals  come  from? 
(Pages  256-259) 

Concepts 

1.  Animals,  like  plants,  come  from  another 
living  thing  of  the  same  kind. 

a)  Some  animals  hatch  from  eggs  laid  by 

the  mother. 

b ) Some  animals  grow  inside  the  mother’s 

body. 

2.  Every  living  thing  begins  its  life  as  one 
little  cell. 

Information  for  the  teacher 

Pictures.  Page  257.  Left.  The  spider  is  the 
female  of  the  common  garden  spider,  also 


called  the  golden  garden  spider.  The  male  is 
much  smaller  and  less  conspicuous.  The  egg 
sac,  which  is  usually  about  the  size  of  a hick- 
ory nut,  is  made  in  the  autumn.  It  is  fastened 
securely  by  many  ropes  of  silk  in  the  top  of 
some  weed  or  shrub.  In  this  sac,  the  young 
spiders  pass  the  winter.  Specimens  of  these 
spiders  can  be  raised  by  keeping  an  egg  case  in 
a closed  bottle.  Right , the  nest  and  eggs  of  a 
blackbird. 

Page  258.  The  early  divisions  of  a frog’s  egg. 

Page  259.  The  katydid,  like  the  grasshopper, 
goes  through  an  incomplete  metamorphosis; 
that  is,  it  has  only  three  distinct  stages  to  its 
life  history:  the  egg,  the  wingless  young  stage, 
and  the  adult.  (See  Discovering  Our  World, 
Boo\  One,  pages  189-190.)  The  young  katydid 
differs  from  the  adult  in  the  absence  of  wings. 
It  grows  into  an  adult  by  adding  wings  and 
getting  larger  but  not  by  changing  form  com- 
pletely, as  some  insects  do  by  going  through 
four  stages  (complete  metamorphosis).  Katy- 
did eggs  may  be  found  on  the  edges  of  leaves 
and  twigs  of  trees  in  the  fall. 

Text.  The  phrase  “born  alive”  refers  to  ani- 
mals that  are  produced  in  a comparatively 
advanced  stage  of  development.  They  have 
been  nourished  within  the  mother  through  a 
placenta.  When  they  are  born,  they  are  in  an 
active  condition.  Animals  that  bear  young  in 
this  way  are  known  as  viviparous  animals  in 
contrast  to  the  animals  that  lay  eggs,  or  ovip- 
arous animals.  Eggs,  of  course,  are  alive;  but 
the  animals  within  them  do  not  arrive  at  an 
active  state  until  after  a period  of  incubation. 

Most  snakes  are  hatched  from  eggs;  but 
some,  such  as  the  common  garter  snake,  are 
born  alive.  All  mammals  except  two  kinds  give 
birth  to  living  young.  The  two  kinds  that  lay 
eggs  are  found  in  Australia.  One  is  called  the 
duckbill,  or  platypus;  the  other  is  called  the 
spiny  anteater,  or  echidna. 

Procedure 

To  begin  this  problem,  ask  the  pupils  to 
name  the  six  main  groups  of  animals  they 
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have  learned  about  ( Discovering  Our  World , 
Boo\  One,  Unit  1).  Write  these  on  the  board. 
Then  ask  the  children  in  which  of  these  groups 
the  young  are  born  alive  and  in  which  they 
hatch  from  eggs.  Write  the  answers  after  the 
names  of  the  groups. 

Now  suggest  that  the  class  study  eggs  of 
various  kinds  to  see  how  animals  grow  from 
one  cell,  as  directed  in  Things  to  Do,  page 
269,  Nos.  1,  2,  and  5.  If  possible,  get  a hen’s 
egg  that  is  partly  incubated.  The  children  can 
see  how  the  tiny  chicken  is  beginning  to  form. 
Break  the  eggshell  carefully  and  empty  the 
contents  into  a saucer.  The  embryo  may  be 
seen  more  clearly  if  it  is  carefully  lifted  away 
from  the  yolk  and  put  on  a glass  slide  or  dish. 
Pupils  can  also  watch  the  development  of  frogs’ 
eggs  and  toads’  eggs  if  they  bring  them  to 
school  in  the  spring.  They  may  be  found  in  the 
shallow  water  of  streams  and  ponds.  Frogs’ 
eggs  are  found  in  masses  of  jellylike  substance 
and  toads’  eggs  in  strings.  See  Discovering  Our 
World,  Boo\  One,  Unit  1,  pages  192-194. 

When  collecting  the  eggs,  use  a dipper  and 
lower  the  dipper  into  a pail  of  the  pond  water. 
Do  not  pour  the  eggs  into  the  bucket.  Let  the 
bucket  stand  until  the  water  is  at  the  tempera- 
ture of  the  room  in  which  the  aquarium  is 
located  before  transferring  the  eggs  to  the 
aquarium.  To  keep  the  eggs,  at  least  three 
gallons  of  water  are  needed  for  a mass  of  eggs 
the  size  of  a hen’s  egg.  If  the  eggs  are  fertile 
and  developing,  they  will  hang  with  the  black 
half  uppermost;  the  white  will  soon  turn  dark. 
The  best  way  to  demonstrate  the  early  divi- 
sions of  a frog’s  egg  is  to  make  a ball  of  model- 
ing clay  and  cut  the  ball  with  a knife  to  show 
how  first  two,  then  four,  then  eight,  and  then 
sixteen  cells  are  made.  See  the  picture  on  page 
258.  Salamander  eggs  are  also  interesting  be- 
cause the  embryos  can  be  clearly  seen  for  some 
time  before  they  hatch.  However,  they  are  not 
so  commonly  found  as  frogs’  and  toads’  eggs. 
A magnifying  glass  gives  a good  view  of  the 
first  stages  of  cell  division  in  any  of  these  eggs. 

As  the  children  study  the  living  material, 
have  them  read  down  to  the  last  paragraph  on 


page  259  and  look  at  the  pictures.  They  will 
probably  recall  the  metamorphosis  of  the  frog 
and  certain  insects  from  Discovering  Our 
World,  Boo\  One,  Unit  8,  pages  189-194.  The 
text  and  pictures  in  that  book  may  be  used  to 
review  or  supplement  the  concepts  developed 
in  this  problem.  When  the  concepts  in  this 
problem  are  clearly  understood,  have  the  class 
read  the  last  paragraph  on  page  259,  which 
summarizes  the  essential  understandings  so  far 
developed  in  the  unit. 

Questions  (Page  259) 

1.  Inside  both  is  a tiny  cell  that  can  divide 
and  grow  into  a new  living  thing.  Both  contain 
food  for  the  young  plant  or  animal,  and  both 
have  protective  coverings. 

2.  Most  mammals  are  born  alive,  while  birds 
are  hatched  from  eggs. 

3.  As  one  little  cell. 

4.  Cells  divide,  making  more  cells,  which 
divide  again. 

5.  Born  alive:  deer,  mouse,  some  snakes. 
Hatch  from  eggs:  robin,  frog,  turtle,  most 
snakes,  cricket. 

How  do  animals  take  care  of  their 
young?  (Pages  260-262) 

Concept 

Some  kinds  of  animals  feed  and  protect  their 
young;  others  do  not. 

Information  for  the  teacher 

Pictures.  Page  260.  The  opossum  is  the  only 
American  representative  of  the  group  of  ani- 
mals known  as  Marsupials  because  they  carry 
their  young  in  a marsupium,  or  pouch.  Kanga- 
roos are  the  most  familiar  example  of  these 
animals.  Opossums  usually  keep  their  young, 
which  are  extremely  small  and  undeveloped  at 
birth,  in  the  pouch  for  about  two  months. 
Later,  the  young  ride  around  on  the  mother’s 
back. 

Page  261.  The  quail  is  also  called  a partridge 
or  bobwhite  in  some  localities.  Quail  chicks  can 
run  about  almost  immediately  after  hatching, 
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but  the  mother  must  help  them  find  food  and 
give  them  warmth  and  protection  for  two  or 
three  months. 

Page  262.  Left,  larvae  of  the  Anisota  virgi- 
niensis  or  Virginian  Anisota,  closely  related  to 
the  orange-striped  oak-worm  moth.  Right, 
stickleback  in  the  nest.  This  stickleback  is 
found  in  the  Great  Lakes  region  and  in  fresh 
water  from  New  York  to  Kansas. 

Text.  Page  260.  Other  hibernating  animals 
are  snakes,  turtles,  woodchucks,  and  chip- 
munks; also  frogs  and  toads,  which  bury  them- 
selves in  the  mud  at  the  bottom  of  ponds. 

Procedure 

This  problem  provides  an  excellent  oppor- 
tunity for  children  to  tell  about  their  own 
experiences  with  young  animals  and  their  ob- 
servations of  how  mother  animals  care  for  their 
young.  Almost  every  child  will  have  had  some 
such  experience  and  will  be  able  to  contribute 
to  the  discussion.  As  the  discussion  proceeds, 
make  a list  on  the  board  of  the  animals  men- 
tioned and  what  the  children  observed  about 
them.  After  the  children  have  told  their  expe- 
riences, have  them  read  pages  260-262  and  look 
at  the  pictures  for  additional  information.  See 
also  Things  to  Do,  page  269,  No.  4. 

Questions  (Page  262) 

1.  Mammals,  birds. 

2.  Those  that  have  only  a few. 

3.  Many  lay  their  eggs  near  food,  that  is,  on 
plants  or  near  other  animals  that  the  young 
can  eat.  Some  place  food  in  the  nest  for  them. 

4.  Answers  will  vary. 

5.  Pupils  may  have  observed  the  placing  and 
camouflaging  of  nests  for  protection  and  the 
behavior  of  a bird  when  an  enemy  approaches 
the  nest. 

Why  is  the  earth  not  overrun  with 
plants  and  animals?  (Pages  263-265) 

Concepts 

1.  The  earth  is  not  overrun  with  living 
things  because  many  new  plants  and  animals 


die  before  they  can  produce  others  like  them- 
selves. 

a)  Many  cannot  get  all  the  air,  food, 
water,  room,  light,  and  warmth  that  they 
need  to  grow. 

h ) Many  are  killed  by  enemies. 

2.  Even  the  living  things  that  get  a chance 
to  grow  do  not  live  forever. 

Information  for  the  teacher 

Pictures.  Page  263.  Milkweed  pod  and  seeds 
escaping. 

Page  265.  The  big  tree  of  Tule,  near  Oaxaca, 
Mexico.  This  ancient  tree  has  a circumference 
of  about  thirty-five  yards  three  feet  above 
ground. 

Procedure 

To  introduce  this  problem,  ask  the  children 
whether  they  have  ever  'opened  a milkweed 
pod  like  the  one  in  the  picture  on  page  263. 
Or  ask  them  whether  they  have  ever  blown 
the  seeds  from  dandelions  as  the  children  in  the 
picture  on  page  241  are  doing.  If  it  is  dandelion 
season,  ask  the  children  to  look  for  some  dan- 
delions that  have  gone  to  seed.  Use  these  (or  the 
pictures)  to  start  a discussion  of  the  great  num- 
bers of  seeds  produced  by  many  plants.  Ask  the 
children  what  would  happen  if  all  the  seeds 
such  as  those  from  one  milkweed  pod  became 
full-grown  plants.  Tell  them  to  remember  that 
there  are  several  pods  on  one  plant.  If  the 
children  collected  frogs’  or  toads’  eggs  earlier 
in  the  unit,  refer  to  the  great  numbers  of  eggs 
in  one  mass.  Have  them  recall  that  these  eggs 
were  laid  by  just  one  frog  or  toad.  Ask  what 
would  happen  if  all  these  eggs  became  full- 
grown  frogs  or  toads.  Pupils  may  also  wish  to 
carry  out  the  activity  suggested  in  the  second 
paragraph  on  page  263.  Similar  questions 
should  be  asked  about  the  young  that  hatch 
from  the  eggs  laid  by  one  spider. 

Then  ask  the  children  how  they  think  all 
these  seeds  and  eggs  are  kept  from  becoming 
full-grown  plants  or  animals.  What  the  chil- 
dren have  already  learned  about  the  air  and 
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water  requirements  of  living  things  ( Discover- 
ing Our  World,  Boo\  One,  Units  2 and  8),  the 
interrelationships  of  living  things  ( Discovering 
Our  World,  Boo\  Two,  Unit  1)  and  about  the 
requirements  for  growing  plants  in  a garden 
( Discovering  Our  World,  Boo\  Two,  Unit  9) 
should  enable  them  to  think  of  many  things 
that  limit  the  growth  of  plants  and  animals. 
Make  a list  of  the  pupils’  explanations  on  the 
board.  After  the  children  have  given  all  their 
ideas,  have  them  read  pages  263-265  to  check 
their  reasons,  to  find  additional  ones,  and  to 
learn  something  about  the  life  span  of  plants 
and  animals.  A carefully  planned  field  trip  to 
make  the  observations  suggested  in  the  third 
paragraph  on  page  264  will  enrich  this  problem. 

Questions  (Page  265) 

1.  The  egg  would  probably  be  destroyed. 
Before  long,  there  would  be  no  new  frogs  to 
grow  and  produce  more  frogs. 

2.  Many  fall  where  they  cannot  grow;  some 
are  eaten;  others  cannot  get  enough  air,  food, 
water,  room,  light,  or  warmth  to  grow. 

3.  Although  a great  many  are  produced, 
many  do  not  live;  and  so  the  number  that 
become  full-grown  is  small. 

4.  Answers  should  mention  that  eggs  are 
destroyed,  young  are  killed,  seeds  and  spores 
often  do  not  get  a chance  to  grow,  and  the 
old  die. 

5.  Frog.  Elephant.  Goose. 

6.  Trees. 

Why  should  we  help  conserve  living 
things?  (Pages  266-268) 

Concepts 

1.  We  should  help  conserve  wild  animals 
and  plants  because  we  need  and  enjoy  them. 

2.  There  are  various  ways  of  conserving  wild 
animals  and  plants. 

a)  Passing  laws  against  picking  certain 

wild  flowers  helps  protect  them. 

b ) Establishing  bird  sanctuaries  and  other 

wild-life  refuges  gives  animals  a chance  to 

grow  and  produce  others  like  themselves. 


Information  for  the  teacher 

Much  information  on  conservation  is  avail- 
able to  teachers.  State  Departments  of  Agricul- 
ture or  of  Conservation  will  furnish  pamphlets 
that  describe  local  conditions  and  methods.  The 
United  States  Department  of  Agriculture  and 
the  United  States  Department  of  the  Interior 
have  many  helpful  bulletins  and  pamphlets. 
The  bulletins  issued  in  connection  with  4-H 
Club  work  are  particularly  helpful  in  teaching 
conservation  at  this  level.  Other  organizations 
such  as  the  National  Wildlife  Federation  and 
the  National  Audubon  Society  are  also  excellent 
sources  of  information.  (See  Bibliography  for 
titles  and  methods  of  obtaining  information 
from  these  sources.) 

Procedure 

Before  beginning  this  problem,  make  -sure 
that  the  children  understand  the  meaning  of 
the  word  conservation.  From  Discovering  Our 
World,  Boo\s  One  and  Two,  they  should  re- 
call the  meaning  of  conservation  and  some 
aspects  of  it  related  to  wild-life  protection.  Re- 
fer also  to  the  problem  on  the  conservation  of 
soil  in  Unit  3 of  this  book.  Many  children  may 
belong  to  a group  in  which  conservation  is  part 
of  the  program.  Draw  on  as  many  experiences 
as  possible  to  start  the  discussion. 

This  problem  on  wild-life  protection  can  be 
most  effectively  taught  if  the  teacher  presents 
some  of  the  problems  of  conservation  that  are 
peculiar  to  the  locality,  for  example,  disappear- 
ance or  great  decrease  in  numbers  of  some 
plant  or  animal.  The  pupils  should  try  to  decide 
(1)  why  the  animals  or  plants  are  disappearing 
and  (2)  what  can  be  done  to  correct  this  con- 
dition. Then  they  should  read  the  problem  to 
check  their  ideas.  As  a summary  of  the  con- 
cepts developed  in  this  problem,  have  the  class 
make  a list  of  the  things  they  can  do  to  apply 
these  concepts.  The  list  might  include  prevent- 
ing the  destruction  of  certain  plants  and  ani- 
mals, feeding  birds,  etc.  Such  projects  establish 
valuable  attitudes  and  habits  to  be  carried  from 
the  classroom  into  everyday  behavior. 
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If  possible,  have  the  class  visit  a fish  hatchery 
or  a bird  sanctuary,  or  see  some  other  phase 
of  conservation.  Otherwise,  individuals  may  re- 
port on  such  visits.  A copy  of  the  local  game 
laws  should  be  obtained  and  referred  to.  The 
plants  that  need  protection  should  also  be 
learned.  For  additional  activities,  see  Things  to 
Do,  page  269,  Nos.  11  and  12. 

Questions  (Page  268) 

1.  Because  we  need  them  and  enjoy  them. 

2.  Do  not  harm  eggs,  birds,  or  wild  animals; 
do  not  pick  wild  flowers. 

3.  Answers  will  vary. 

4.  Some  places  will  become  too  crowded  so 
that  many  living  things  will  die.  Other  places 
will  no  longer  have  the  things  needed  for  ani- 
mals and  plants  to  grow. 

Questions  to  answer  (Page  269) 

1.  No.  Try  the  experiment  and  show  that 
it  does  not  work.  Then  find  out  where  snakes 
do  come  from. 

2.  No.  Bacteria  make  no  seeds  but  simply 
divide.  Yeasts  have  buds  instead.  Ferns,  mosses, 
seaweeds,  and  mushrooms  grow  from  spores. 

3.  It  must  join  with  a pollen  cell. 

4.  Pistil  has  egg  sacks  in  which  the  eggs 
grow  into  seeds.  Wind  carries  pollen  to  other 
flowers.  Pollen  sends  down  a tube  to  the  egg 
sack;  then  a pollen  cell  joins  with  the  egg  so 
it  can  grow.  Bees  carry  pollen  from  flower  to 
flower.  Stamen  is  the  part  that  makes  pollen. 
Stigma  holds  pollen  on  the  pistil. 

5.  The  eggs  are  so  small  that  they  cannot 
be  seen  without  a microscope. 

6.  If  the  blossoms  are  fully  open  and  have 
been  fertilized,  there  is  a chance  that  fruit  will 
develop.  But  in  most  cases  a heavy  frost  or 
freeze  will  prevent  fruit  from  growing  by  kill- 
ing the  flower  before  a seed  can  be  formed. 

7.  Yes.  Vegetables  such  as  tomatoes,  cucum- 
bers, squash,  etc.,  are  really  fruits  in  the  scien- 
tific sense. 

8.  Raspberry,  peach,  watermelon,  grape. 
Each  contains  the  seeds  of  the  plant.  Radish 


and  carrot  are  roots.  Potato  is  an  underground 
stem.  Onion  is  a bulb. 

9.  From  another  living  thing  like  itself. 

10.  All  living  things  are  made  of  different 
kinds  and  numbers  of  cells.  Living  things  grow 
as  these  cells  divide  to  make  more  cells. 

11.  They  may  die  and  not  produce  more  like 
themselves. 

12.  Many  living  things  depend  on  trees  for 
food  and  protection.  When  trees  are  destroyed, 
these  living  things  must  go  elsewhere  or  die. 

Things  to  do  (Page  269) 

1.  Group  activity.  For  details,  see  page  113 
of  this  Guideboo\. 

2.  21  days. 

3.  Consult  high-school  or  college  biology, 
botany,  or  zoology  texts. 

4.  See  Bibliography  and  encyclopedias. 

5.  Grasshopper  eggs  are  oval  and  about  3/±q 
inch  long.  In  the  autumn,  they  are  laid  in 
groups  of  a dozen  to  150  in  an  oval  pod  in  the 
ground.  They  hatch  when  warm  weather  re- 
turns in  the  spring. 

6.  Sepals  and  petals  may  have  fallen  off. 
Perhaps  some  stamens  are  left.  The  pistil  will 
be  left  but  will  be  enlarged  at  the  base  into 
a seed  pod  or  other  type  of  fruit. 

7.  Burbank  cross-pollinated  plants  that  pos- 
sessed characteristics  which  he  wished  to  de- 
velop; then  by  careful  selection  he  finally  pro- 
duced plants  of  superior  quality.  He  is  best 
known  for  his  work  in  breeding  better  pota- 
toes, a thornless  cactus,  and  many  new  fruits. 
(Consult  encyclopedias,  the  Readers'  Guide  to 
Periodical  Literature , or  Beaty,  John  Y.,  Luther 
Burban\,  Plant  Magician.  New  York:  Messner, 
1943.) 

8-10.  Individual  or  class  activities. 

11.  See  Audubon  Magazine  or  write  Na- 
tional Audubon  Society,  1000  Fifth  Avenue, 
New  York  28,  N.  Y.  The  National  Wildlife 
Federation  is  at  1129  Vermont  Avenue,  N.  W., 
Washington  5,  D.  C. 

12.  Small  bird  books  are  helpful.  See  Bib- 
liography. 

13.  Class  or  individual  activity. 
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UNIT 


10. 


What  Is  the  History  of  Living  Things i 


Purpose  and  scope 

This  unit  completes  the  study  of  the  earth 
in  the  Discovering  Our  World  series.  At  this 
grade  level,  only  an  elementary  treatment  of 
the  history  of  living  things  is  possible.  Pupils 
should  not  be  expected  to  learn  the  names  and 
the  time  limits  of  the  periods  except  in  a gen- 
eral way.  The  major  understandings  to  be  de- 
veloped are  as  follows:  (1)  Changes  in  living 
things  have  occurred.  (2)  Millions  of  years 
were  required  for  these  changes  to  take  place. 

Like  children,  we  cannot  really  comprehend 
the  vast  expanse  of  time  dealt  with  in  this  unit 
and  in  Unit  3 of  this  book.  We  must  accept 
it  just  as  we  did  the  vast  expanse  of  space  dis- 
cussed in  Unit  7.  Scientists  have  accumulated 
overwhelming  evidence  to  prove  that  the  earth 
must  be  at  least  2 billion  years  old.  Recent  re- 
search on  the  atom  adds  further  evidence  of 
the  earth’s  great  age. 

How  scientists  pieced  together  countless  clues 
of  the  earth’s  dim  past  to  discover  the  history 
of  living  things  is  as  fascinating  as  a detective 
story.  This  unit  explains  some  of  the  methods 
used  by  scientists  to  obtain  evidence  from  pre- 
historic times.  Accordingly,  an  important  func- 
tion of  the  unit  is  to  acquaint  pupils  with  the 
methods  of  scientific  research.  This  should  lead 
to  further  appreciation  of  the  value  of  scien- 
tists’ work. 

As  indicated  in  Science  Background,  this 
unit  draws  on  many  preceding  units  of  the 
series.  It  thus  provides  an  excellent  opportunity 
to  apply  and  extend  concepts  previously  taught. 
As  the  study  of  the  unit  progresses,  these  con- 
cepts should  be  recalled,  or  retaught  if  neces- 
sary. 

Science  background 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  3, 
Days  and  Days;  Unit  4,  Outdoors 


All  Around  Us:  Unit  1,  Animals;  Unit  3, 
Sun,  Wind,  and  Weather;  Unit  4,  Plants 
How  Do  We  Know?:  Unit  1,  Animals;  Unit 
2,  Land  and  Water;  Unit  3,  Plants 
Discovering  Our  World , Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 

Discovering  Our  World,  Boo\  Two:  Unit 

1,  How  Do  Living  Things  Help  and  Harm 
Each  Other?  Unit  8,  Where  Does  All  the 
Food  of  the  World  Come  From? 

Discovering  Our  World,  Boo\  Three:  Unit 

2,  Why  Does  the  Weather  Change?  Unit  3, 
How  Is  the  Earth’s  Surface  Changed?  Unit  7, 
What  Is  the  Universe  Like?  Unit  9,  Where 
Do  New  Plants  and  Animals  Come  From? 

General  concepts 

1.  The  earth  is  very,  very  old. 

2.  Living  things  have  changed  during  mil- 
lions of  years. 

3.  New  kinds  of  living  things  have  appeared 
on  the  earth  as  time  has  gone  by;  other  kinds 
have  disappeared. 

4.  Fossils  show  us  what  living  things  were 
like  long  ago. 

5.  The  study  of  fossils  reveals  changes  in  the 
earth’s  surface,  in  climate,  and  in  living  things. 

6.  The  study  of  fossils  shows  that  living 
things  have  developed  from  simple  forms  to 
more  complex  forms. 

7.  When  changes  in  the  land,  the  water,  the 
temperature,  and  the  climate  occurred  on  the 
earth,  the  animals  and  plants  changed,  too. 

Introducing  the  unit  (Page  271) 

Information  for  the  teacher 

Pictures.  Page  270.  This  picture  shows  sev- 
eral of  the  giant  dinosaurs  that  roamed  the 
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earth  during  the  Age  of  Reptiles.  From  left 
to  right  these  are  Triceratops,  an  armor- 
headed herbivorous  dinosaur;  Tyrannosaurus, 
the  fiercest  and  most  powerful  of  the  carnivo- 
rous dinosaurs;  one  of  the  bipedal,  herbivorous 
dinosaurs,  sometimes  called  the  “bird-footed” 
dinosaurs;  another  type  of  horned,  armored 
dinosaur,  Stegosaurus. 

Page  271.  A Devonian  sea  bottom.  See  the 
chart,  page  100  of  this  Guideboo\. 

Procedure 

To  introduce  this  unit,  ask  the  pupils  to  re- 
call from  Unit  3 what  they  learned  about  how 
the  earth’s  surface  has  changed.  Bring  out  the 
length  of  time  that  it  took  for  these  changes 
to  take  place.  Have  the  pupils  read  the  intro- 
ductory section  to  check  on  their  answers. 

Enlarge  on  the  third  paragraph  by  referring 
to  the  picture  on  page  270.,  Ask  the  children 
to  look  at  the  picture  carefully  and  tell  how 
the  animals  look  different  from  the  ones  that 
they  see  on  the  earth  today.  Have  the  pupils 
express  any  ideas  that  they  may  have  about 
why  these  animals  no  longer  live  on  the  earth. 
Write  these  ideas  on  the  board  and  keep  the 
list  for  future  reference. 

What  were  living  things  like  long  ago? 
(Pages  271-276) 

Concepts 

1.  The  earth  is  very,  very  old. 

2.  Living  things  have  changed  during  mil- 
lions of  years. 

3.  New  kinds  of  living  things  have  appeared 
on  the  earth  as  time  has  gone  by;  other  kinds 
have  disappeared. 

Information  for  the  teacher 

Pictures.  Page  272.  Left,  animals  of  the  early 
Paleozoic  Era,  500  million  to  400  million  years 
ago.  The  animals  with  the  appendages  that 
look  like  two  feelers  are  Trilobites.  These  ani- 
mals were  the  dominant  animals  during  the 
earliest  of  the  Paleozoic  periods  (the  Cam- 
brian). A bit  later,  the  large,  cone-shaped  ani- 


mals became  the  largest  and  strongest  animals. 
They  were  mollusks  called  Cephalopods.  They 
were  giant  squids  often  nearly  twenty  feet  long 
and  a foot  across.  All  the  animals  of  this  time 
were  invertebrates,  or  animals  without  back- 
bones. Right,  land  flora  of  the  Devonian  pe- 
riod of  the  Paleozoic  Era,  350  million  years  ago. 
The  forests  consisted  of  giant  ferns  and  club 
mosses,  a group  of  plants  closely  related  to  the 
ferns.  The  horsetail  rush  is  a common  present- 
day  member  of  this  group. 

Page  273.  Cycads. 

Page  274.  This  is  Diplodocus,  the  longest  but 
not  the  fiercest  of  the  dinosaurs.  It  had  very 
little  brain  in  relation  to  its  size,  could  not 
fight  well,  and  was  a vegetarian.  (The  skele- 
ton in  the  picture  on  page  277  is  from  one  of 
these  animals.) 

Page  275.  Left.  The  flying  reptile  is  Ptero- 
dactyl. It  had  no  feathers,  and  the  wings  con- 
sisted of  a wide  membrane  that  connected  its 
forelimbs  with  its  knee  and  ankle  joints. 
Right.  The  first  bird  was  called  Archaeopteryx. 
It  had  feathers,  claws  on  its  wings,  and 
sharp  teeth  in  its  jaws.  The  trees  will  be  rec- 
ognized as  cycads.  This  is  the  restoration  of 
the  landscape  as  it  probably  was  in  the  Jurassic 
period  of  the  Mesozoic  Era. 

Page  276.  Mesohippus,  the  second  in  the 
series  of  horses  from  which  the  modern  horse 
developed.  The  first  one,  Eohippus,  was  even 
smaller  than  this,  usually  being  about  the  size 
of  a fox.  These  horses  lived  during  the  early 
part  of  the  Cenozoic  Era,  which  is  the  era  in 
which  warm-blooded  mammals  became  domi- 
nant. It  is  the  era  in  which  we  now  are. 

Text.  Geologic  time  is  divided  into  eras 
which,  in  turn,  are  divided  into  periods.  In 
this  unit  no  attempt  has  been  made  to  present 
the  names  of  the  geologic  eras  or  periods.  It 
is  not  necessary  or  desirable  for  pupils  to  be- 
come involved  with  these  names  at  this  level. 
However,  to  enable  the  teacher  to  obtain  a 
comprehensive  view  of  geologic  history  and  to 
present  the  names  for  reference  purposes,  a 
simplified  table  showing  the  eras  and  the  most 
important  periods  is  given  on  the  next  page. 
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Geologic  Timetable 


Eras 

Periods  and  How  Long 

Changes  in  the  Land 

Changes  in  Plants  and 

Ago  They  Began 

of  North  America 

Animals 

Recent 

Glaciers  melted 

Man  controls  earth 

( 50,000  years ) 

Land  high  above  seas 
Climate  warm 

Many  large  mammals  extinct 
Insects  increasing 

o 

1 

Pleistocene 
( 1 million ) 

Four  great  ice  sheets  covered  parts 
of  North  America  at  different 
times 

Saber-toothed  tiger,  vultures,  mam- 
moths, etc. 

Early  man  reached  Europe 
Pictures,  pages  278,  279 

Pliocene 

Mountains  in  western  United  States 

Horses,  elephants,  camels  almost 

§ 

(12  million ) 

continued  to  rise 

modern.  Mammals  migrated 

U 

Miocene 
( 30  million ) 

Mountains  began  to  form 
Great  lava  flows  in  northwest 
Climate  cooler 

Mammals  dominated 
Redwood  trees  appeared  in  Cali- 
fornia 

Oligocene 
( 40  million  ) 

Land  lowered  somewhat 
Climate  cooler 

Three-toed  horses  Early  elephants 
Picture,  page  276 

Eocene 

Seas  covered  little  of  land 

Mammals  abundant 

( 59  million  ) 

Climate  cooler 

First-known  horse— 4 toes 

Cretaceous 
(130  million ) 

Rocky  Mts.  formed 

Last  great  spread  of  seas  over  land 

Flowering  plants  appeared 
Dinosaurs  died  out  at  end  of  period 

y 

’o 

N 

o 

Jurassic 

(169  million ) 

Continents  fairly  high 
Shallow  seas  in  western  United 
States 

First  birds  Flying  reptiles 
Dinosaurs  dominant  animal 
Pictures,  pages  270,  274,  275 

C/5 

<u 

s 

Triassic 

( 200  million  ) 

Continents  not  covered  by  seas 
Climate  dry 

Reptiles  dominated 
Cycads  and  other  gymnosperms 
First  mammals  appeared 
Pictures,  pages  270,  273,  274,  277, 
28 7- 

Permian 

( 235  million  ) 

Appalachian  Mts.  as  high  as  Rock- 
ies are  now 

Reptiles  were  developing 
Gymnosperms  spreading 

Carboniferous 
(315  million ) 

Greatest  coal-forming  period 
Appalachian  Mts.  began  to  form 

Great  coal-forming  forests 
First  insects  First  reptiles 
Pictures,  pages  192,  288,  293 

#y 

o 

N 

O 

JU 

Devonian 
( 350  million  ) 

Seas  still  widespread  over  land 
Climate  warm 

Lung-fish  and  first  amphibian 
First  forests  of  fernlike  trees 
Pictures,  pages  271,  272,  282,  286 

Ph 

Silurian 
( 375  million  ) 

Seas  still  covered  much  of  the 
United  States 

First  air-breathing  animals 
First  land  plants 

Ordovician 

Seas  covered  more  than  60%  of 

First  fishes 

( 445  million  ) 

North  America 

Greatest  development  of  inverte- 
brates 
Trilobites 

Pictures,  pages  272  (left),  284 

Cambrian 
( 550  million  ) 

Seas  across  western  United  States 
Climate  mild 

Proter- 

ozoic 

Upper  Precambrian 
( 1200  million  ) 

Mountains  formed 

Great  lava  eruptions 

Much  sedimentary  rock  formed 

Lime-forming  algae 
Sponges 

Arche- 

ozoic 

Lower  Precambrian 
( 2000  million  ) 

Mountains  were  forming  all  over 
the  world 

Much  volcanic  activity 
Seas  small 

Blue-green  algae  Bacteria 
Probably  simple  one-celled  plants 
and  animals 
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(See  also  the  summarizing  chart  on  page  290 
of  the  text.)  More  detailed  tables  can  be  found 
in  books  on  historical  geology.  Down  to  Earth 
by  Croneis  and  Krumbein  is  an  especially  help- 
ful text  for  the  teacher.  The  National  Geo- 
graphic Magazine,  February  1942,  has  an  excel- 
lent article,  beautifully  illustrated,  on  “The 
Parade  of  Life  Through  the  Ages.”  Consult  the 
Bibliography  for  further  references. 

Procedure 

The  pupils  will,  of  course,  have  very  little 
accurate  information  about  the  living  things  of 
the  past.  To  give  them  an  idea  of  the  changes 
described  in  the  text,  make  a table  like  the  one 
below.  Have  the  children  read  the  text  down 
to  the  last  paragraph  on  page  275  to  find  out 
what  plants  and  animals  were  like  during  four 
different  periods  of  the  earth’s  history.  When 
they  have  this  general  picture,  start  the  mak- 
ing of  a large  table  on  the  board. 


500  Million  Years  Ago 

350  Million  Years  Ago 

Etc. 

Plants 

Animals 

Plants 

Animals 

Ask  the  children  what  four  divisions  they 
could  use  to  show  the  changes  in  living  things. 
They  should  suggest  the  four  periods  given  in 
these  pages.  Then  have  the  children  read  again 
the  section  on  500  million  years  ago  and  look 
at  the  pictures.  Ask  them  what  kinds  of  ani- 
mals and  plants  lived  then  and  write  these  on 
the  table.  Repeat  this  for  each  era  until  the 
table  is  complete. 

After  the  table  is  completed,  have  the  chil- 
dren study  it  to  find  out  what  important  things 
it  shows.  Caution  them  against  picking  out 
small  details.  This  part  of  the  lesson  gives  valu- 
able practice  in  making  generalizations  from 
many  details.  Write  the  children’s  ideas  on  the 
board.  After  they  have  given  their  ideas,  have 
them  read  from  the  last  paragraph  on  page 
275  to  the  end  of  the  problem  to  see  whether 
they  have  given  the  three  important  ideas  listed 
there.  If  not,  ask  the  children  to  tell  how  the 
lists  of  ideas  should  be  corrected. 


Then  have  the  children  look  at  the  table  and 
the  pictures  in  the  text.  Let  them  tell  how  they 
used  these  to  find  the  big  ideas.  For  example, 
for  Idea  No.  1 they  may  say,  “The  chart  be- 
gins at  a time  500  million  years  ago.  That 
shows  that  the  earth  is  very  old.”  For  Idea 
No.  2:  “Trees  were  once  like  ferns.  At  one 
time,  all  plants  lived  in  water.  Mammals  such 
as  horses  were  very  small.”  For  Idea  No.  3: 
“At  first  there  were  no  plants  with  flowers,  but 
now  there  are  many.  Once  there  were  no  mam- 
mals.” Throughout  the  discussion,  the  slow- 
ness of  the  changes  should  be  stressed. 

Questions  (Page  276) 

1.  (1)  The  earth  is  very,  very  old.  Scien- 
tists think  that  it  is  at  least  2 billion  years  old. 
(2)  Living  things  have  changed  during  mil- 
lions of  years.  The  animals  and  plants  of  today 
are  very  different  from  those  of  long  ago.  (3) 
New  kinds  of  living  things  have  appeared  on 
the  earth.  Other  kinds  have  disappeared. 

2.  Page  272,  left:  sponges,  jellyfish,  and 
animals  much  like  snails.  All  of  these  were 
water  animals;  they  lived  500  million  years  ago. 
Plants  in  that  period  were  all  tiny  plants  that 
floated  about  in  the  water.  Page  272,  right: 
350  million  years  ago  you  would  have  seen 
plants  like  these — huge,  treelike  ferns  that  grew 
from  spores.  Flowers  had  not  yet  appeared. 
Page  273:  150  million  years  ago  you  would 
have  seen  trees  called  cycads,  which  looked  like 
palm  trees  and  which  were  one  of  the  first 
kinds  of  plants  to  have  seeds.  Page  2774:  150 
million  years  ago,  in  what  is  known  as  the  Age 
of  Reptiles,  you  would  have  seen  huge  dino- 
saurs such  as  these  roaming  the  earth.  Some 
were  100  feet  long  and  weighed  almost  50  tons. 
Page  275,  left:  In  this  same  period  you  would 
have  seen  flying  reptiles  with  long,  pointed 
teeth  and  wings  25  feet  across.  Page  275, 
right:  50  million  years  ago  the  birds  began 
to  look  more  like  the  birds  of  today.  Page 
276:  50  million  years  ago,  horses  began  to 
resemble  our  animals  of  today. 

3.  More.  Plants  changed  from  tiny  water 
plants  to  fernlike  trees,  then  to  trees  with 
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seeds;  and  finally  flowering  plants  appeared. 
Enormous  turtles,  huge  dinosaurs,  and  flying 
reptiles  disappeared  while  other  animals  and 
mammals  similar  to  ours  of  today  took  their 
places.  Early  horses  about  the  size  of  police 
dogs  gradually  became  like  the  horses  of  today. 

How  do  we  know  what  living  things 
were  like  long  ago?  (Pages  277-281) 

Concepts 

1.  Fossils  show  us  what  living  things  were 
like  long  ago. 

2.  There  are  several  kinds  of  fossils. 

Experiment 

Page  280:  To  see  how  fossil  prints  and  molds 
are  made. 

Materials:  Clay,  plaster  of  Paris,  shell  or 
leaf. 

Information  for  the  teacher 

Pictures.  Page  277.  This  is  the  skeleton  of  the 
dinosaur,  Diplodocus,  shown  on  page  274.  This 
skeleton,  which  is  87  feet  long,  is  in  the  United 
States  National  Museum,  Washington,  D.  C. 

Page  278.  Animals  of  the  Rancho  La  Brea 
tar  pits:  vultures,  saber-toothed  tigers,  horses 
in  the  background.  Skeletons  of  mammoths 
and  wolves  were  also  found  in  the  tar  pits. 

Page  279.  Left.  The  picture  of  the  mammoth 
is  a photograph  of  one  of  the  very  few  kinds 
of  large  prehistoric  animals  to  be  preserved  in 
its  entirety.  When  the  mammoths  were  taken 
from  the  ice,  even  the  woolly  skins  were  found 
to  be  preserved  and  in  almost  as  good  condi- 
tion as  fresh  skins. 

Text.  Page  280.  Petrifaction  is  not  an  in- 
stantaneous turning  to  stone  as  the  name  might 
suggest.  It  is  brought  about  slowly  as,  molecule 
by  molecule,  the  materials  in  the  original  or- 
ganism are  replaced  by  the  petrifying  mineral 
(usually  silica)  in  the  ground  water.  Since  the 
materials  are  replaced  so  slowly,  the  original 
shape  of  the  organism  is  retained.  Petrifaction 
occurs  more  often  in  plants  than  in  animals. 


Procedure 

During  the  study  of  this  problem  and  the 
next  one,  a trip  to  a museum  is  a valuable  ex- 
perience. Many  museums  will  lend  collections 
of  small  fossils,  or  perhaps  someone  in  the 
community  has  a collection  that  can  be  bor- 
rowed. Children  should  be  urged  to  try  to  find 
fossils,  especially  if  the  school  is  near  a gravel 
pit  or  other  likely  source  that  is  known  locally. 
Encourage  pupils  to  take  Saturday  hikes  to 
promising  regions  to  obtain  fossils.  A pile  of 
coal  or  the  debris  from  a strip  coal  mine  often 
contains  fossils.  The  gravel  on  the  playground 
often  contains  small  ones.  Some  pupil  may  be 
able  to  bring  a string  of  amber  beads  to  class 
to  give  the  pupils  a better  idea  of  the  appear- 
ance of  amber.  Such  beads,  if  they  are  genuine, 
often  contain  tiny  specks  that  may  be  the  re- 
mains of  parts  of  insects.  The  fossil  collection 
can  be  supplemented  by  pictures  and  illustrated 
magazine  articles. 

To  introduce  this  problem,  ask  the  children 
to  tell  about  any  experiences  where  they  may 
have  seen  the  remains  of  ancient  plants  or  ani- 
mals. Have  them  look  at  the  picture  on  page 
277  and  tell  what  this  shows  them  about  one 
kind  of  animal  that  lived  long  ago.  After  this 
discussion,  refer  to  the  fossil  fish  on  page  85  and 
make  sure  that  the  class  understands  the  term 
fossil.  Then  have  the  class  read  pages  277-281 
and  study  the  pictures  to  find  out  what  kinds 
of  fossils  there  are.  The  pupils  should  also  do 
the  experiment  on  page  280. 

After  the  pupils  have  looked  at  as  many 
kinds  of  fossils  as  possible  and  at  pictures,  ask 
them  to  list  the  ways  in  which  fossils  are  made. 
If  the  class  has  collected  enough  fossils  or  pic- 
tures, an  exhibit  may  be  arranged  in  which  the 
fossils  are  classified  according  to  the  different 
kinds  on  their  lists.  For  activities,  see  also 
Things  to  Do,  page  294,  Nos.  1,  2,  3,  and  4. 

Questions  (Page  281) 

1.  A fossil  is  the  hardened  remains  of  any 
animal  or  plant.  By  preserving  of  the  whole 
animal  in  some  material,  such  as  amber  or  ice; 


102  GUIDEBOOK 


by  being  petrified;  by  preserving  bones  in  tar  or 
layers  of  rock;  by  prints  or  molds  in  layers  of 
rock. 

2.  The  animals  and  plants  made  records 
that  scientists  can  read.  By  studying  these  fos- 
sil records,  scientists  can  tell  us  what  these  liv- 
ing things  were  like. 

3.  Plants  often  left  fossil  prints  in  coal.  By 
studying  the  fossil  print,  he  could  tell  us  what 
the  plant  looked  like. 

4.  No,  only  partly  correct.  A fossil  is  not  only 
the  body  of  a dead  plant  or  animal.  It  may  also 
be  only  a part  or  a print.  Or  it  may  be  a mold 
of  the  animal  after  the  body  has  decayed. 

What  have  scientists  discovered  by 
studying  fossils?  (Pages  281-284) 

Concepts 

1.  The  study  of  fossils  reveals  changes  in  the 
earth’s  surface,  in  climate,  and  in  living  things. 

2.  Fossils  were  laid  down  in  layers  of  rock 
that  were  formed,  one  upon  another,  during 
the  earth’s  history. 

Information  for  the  teacher 

Life,  September  6,  1947,  has  an  excellent  ar- 
ticle, fully  illustrated,  showing  the  geologic  his- 
tory of  the  Grand  Canyon. 

Procedure 

This  problem  is  to  bring  out  the  reasons  for 
studying  fossils.  So  that  the  pupils  can  under- 
stand these  reasons,  it  also  makes  clear  how 
scientists  have  been  able  to  determine  that  the 
oldest  layers  of  rock  are  on  the  bottom.  This 
fact  is  the  point  of  reference  from  which  the 
scientists  work  to  establish  the  ages  of  fossils 
and  interpret  the  changes  in  the  earth’s  surface. 
To  open  this  problem,  tell  the  children  that 
thousands  of  dollars  are  spent  each  year  by 
scientists  to  find  fossils.  Ask  the  pupils  if  they 
have  any  ideas  why  scientists  think  that  the 
study  of  fossils  is  so  important.  These  ideas 
should  be  listed  on  the  board. 

Now  have  the  pupils  read  from  page  281 
through  the  second  paragraph  on  page  282  to 


find  more  reasons  why  scientists  study  fossils. 
Let  the  pupils  compare  these  reasons  with  the 
ones  that  they  gave  and  add  to  the  list  on  the 
board.  The  complete  list  should  include:  (1) 
Fossils  show  what  living  things  were  like  long 
ago.  (2)  Fossils  show  us  how  the  surface  of 
the  earth  has  changed.  (3)  Fossils  show  us  how 
the  climate  of  the  earth  has  changed.  (4)  Fos- 
sils show  that  living  things  went  through  many 
changes  before  they  became  the  plants  and  ani- 
mals of  today.  After  these  reasons  have  been 
listed,  the  discussion  should  center  around  how 
fossils  show  each  of  them.  For  example,  (1)  the 
bones  of  dinosaurs  show  us  what  some  animals 
that  are  no  longer  on  the  earth  looked  like. 
(2)  The  fossils  of  birds  and  reptiles  show  how 
much  these  animals  have  changed.  (3)  The  fos- 
sils of  ferns  where  cold  lands  now  exist  show 
a change  in  climate.  (4)  Fossils  of  water  ani- 
mals in  places  now  dry  show  ancient  seas. 

Then  have  the  pupils  read  the  rest  of  the 
problem  and  look  at  the  pictures  to  find  out 
how  a scientist  knows  that  the  fossils  can  tell 
him  that  the  earth  has  changed.  These  pages 
explain  how  scientists  know  that  the  bottom 
layers  are  the  oldest  layers.  As  the  pupils  read 
these  pages,  have  them  recall  from  Unit  3, 
pages  62-66,  the  way  in  which  rock  layers  are 
formed.  When  the  pupils  understand  how 
scientists  know  that  the  oldest  rock  layers  are 
on  the  bottom,  they  will  understand  that  the 
fossils  found  in  these  rock  layers  are  fossils  of 
the  oldest  living  things.  They  should  also  see 
how  finding  fossils  'like  these  oldest  ones  in 
layers  above  newer  ones  shows  that  changes 
have  occurred  in  the  earth’s  surface  at  this  place. 
For  additional  activities,  see  Things  to  Do,  page 
294,  Nos.  5,  9,  10,  and  11. 

Questions  (Page  284) 

1.  Fossils  of  giant  ferns,  cycads,  and  other 
plants  that  grow  in  warm  climates  have  been 
found  in  Greenland;  so  it  must  at  one  time 
have  had  a warm  climate. 

2.  Because  there  have  been  found  in  Michi- 
gan many  fossils  of  animals  like  those  that 
now  live  in  warm  seas. 
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3.  What  animals  and  plants  were  like  long 
ago  and  where  they  lived;  how  the  earth’s  sur- 
face and  its  climate  changed  at  various  times 
during  the  earth’s  history. 

4.  In  these  places,  the  rock  layers  of  the  earth 
can  be  clearly  seen  and  studied.  In  these  rock 
layers,  scientists  find  the  fossils  of  animals  and 
plants  that  lived  long  ago. 

5.  Water  drained  into  seas  carrying  mud, 
clay,  sand,  etc.,  all  of  which  kept  settling  to  the 
bottom.  Animals  and  plants  died,  settled,  and 
were  covered.  The  material  turned  to  stone, 
and  a layer  of  rock  was  formed.  Each  new 
layer  of  rock  was  formed  in  the  same  way 
on  top  of  the  lower  layer.  So  the  first,  or  bot- 
tom, layer  is  the  oldest.  Often  after  a layer  of 
rock  had  been  formed,  the  land  was  pushed 
up  and  the  water  ran  off.  Then  after  millions 
of  years,  water  again  covered  this  land;  and  a 
new  layer  of  rock  was  slowly  formed  on  top 
of  the  old  layer. 

6.  ( a ) The  rock  at  the  top  of  the  mountain 
was  once  under  water.  ( b ) The  desert  was  once 
covered  by  a sea.  (c)  The  far  north  was  once 
under  warm,  salt  water.  ( d ) The  region  once 
had  a warm  climate. 

How  have  animals  and  plants  changed? 
(Pages  285-289) 

Concepts 

1.  The  study  of  fossils  shows  that  living 
things  have  developed  from  simple  forms  to 
more  complex  forms. 

2.  The  complex  forms  of  animals  and  plants 
developed  from  the  simple  forms  during  mil- 
lions of  years. 

Information  for  the  teacher 

Pictures.  Page  285.  Top  row , left  to  right , 
amoeba,  hydra,  coral  polyps,  salamander.  Bot- 
tom row,  left  to  right,  flatworm,  clam,  earth- 
worm, duck.  The  flatworm  (a  planarian)  looks 
almost  as  simple  as  the  amoeba;  but  it  has  a 
head,  digestive  tract,  and  simple  nervous  sys- 
tem, while  the  amoeba  has  none  of  these  parts. 


Page  286.  A restoration  of  Diplovertebron,  a 
primitive  amphibian  of  the  coal  period. 

Page  287.  The  skeleton  of  an  ichthyosaur. 
The  outline  of  its  body  was  also  preserved  in 
the  rock.  Ichthyosaurs  were  marine  reptiles 
whose  external  structure  closely  resembled 
present-day  dolphins.  They  were  common  in 
the  sea  in  the  Mesozoic  Era. 

Text.  How  these  changes  in  plants  and  ani- 
mals were  brought  about  is  a question  that  will 
probably  be  asked  by  some  inquiring  pupil.  In 
answering  this  question,  the  teacher  should 
avoid  the  implication  that  some  imaginary  be- 
ing, such  as  Father  Time  or  Mother  Nature,  sees 
the  need  for  changes  and  causes  them.  One  the- 
ory advanced  by  scientists  to  explain  changes 
through  the  ages  is  mutation.  A mutation  is  a 
heritable  variation  due  to  a fundamental  change 
in  the  constitution  of  the  germ  plasm,  that  is, 
the  part  of  the  body  in  which  characteristics  are 
transmitted  from  generation  to  generation. 
These  changes  take  place  suddenly  and  may  be 
brought  about  in  various  ways.  As  a result  of 
some  such  change,  an  individual  is  born  with 
a new  characteristic.  In  prehistoric  times,  for 
example,  perhaps  a fish  developed,  by  a muta- 
tion, fins  that  could  be  used  slightly  in  walking. 
A characteristic  like  this  can  be  passed  along 
to  offspring.  As  generations  go  by,  it  is  found 
in  more  and  more  individuals.  If  the  new  char- 
acteristic leads  to  better  adaptation  of  the  indi- 
vidual to  its  environment,  the  new  individuals 
become  the  strongest  and  most  likely  to  survive. 
Meanwhile,  the  new  characteristic  may  develop 
more  fully  from  generation  to  generation.  Fish 
may  develop  legs  and  lungs — still  by  mutation, 
however,  and  not  by  actual  change  in  individ- 
uals during  their  lifetime.  In  this  way,  the 
amphibians  may  have  developed  from  the  fish. 

Procedure 

The  first  part  of  this  problem  develops  the 
meaning  of  the  terms  simple  and  complex.  Use 
the  text  and  the  picture  on  page  285  to  develop 
the  terms.  From  Discovering  Our  World,  Boo\ 
One,  Unit  1,  have  the  pupils  recall  what  they 
learned  about  the  different  groups  of  animals 
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and  plants.  When  the  distinction  between  sim- 
ple and  complex  has  been  made  clear,  the  pupils 
should  read  the  rest  of  the  problem,  look  at  the 
pictures,  and  discuss  each  change  thoroughly. 
During  this  reading  and  discussion,  emphasize 
the  slowness  of  the  change  and  the  great  length 
of  time  between  the  laying  down  of  the  differ- 
ent rock  layers.  Continue  the  line  of  reasoning 
about  living  things  begun  in  the  previous  prob- 
lem. This  may  be  summarized  as  follows: 

1.  The  oldest  layers  of  rock  are  at  the  bot- 
tom. Scientists  know  this  because  of  the  way 
the  rock  layers  were  laid  down. 

2.  The  fossils  found  in  the  bottom  layers  are 
the  fossils  of  the  first  living  things. 

3.  The  oldest  fossils,  found  in  the  bottom 
layers,  are  simpler  than  the  ones  found  in  the 
upper  or  newer  layers. 

4.  Therefore,  scientists  believe  that  the  more 
complex  animals  and  plants  have  developed 
from  the  simple  ones. 

When  the  pupils  have  finished  reading  and 
looking  at  the  pictures,  have  them  summarize 
by  making  a list  of  the  important  ideas  pre- 
sented in  this  problem.  The  table  made  at  the 
beginning  of  the  unit,  as  well  as  anything 
learned  from  museum  visits  or  collections  of 
pictures,  may  also  be  used  to  help  make  the  list. 
Pupils’  lists  should  be  made  into  one  list  on  the 
board  and  should  include  these  ideas: 

1.  The  first  animals  and  plants  were  very 
simple. 

2.  Living  things  gradually  became  more 
complex  and  came  to  be  like  those  of  today. 

3.  Animals  developed  in  this  order:  animals 
without  backbones,  fish,  amphibians,  reptiles, 
birds,  and  mammals. 

4.  Plants  developed  from  one-celled  plants 
to  mosses,  then  to  ferns,  and  finally  to  plants 
with  flowers  and  seeds. 

Additional  activities  will  be  found  in  Things 
to  Do,  page  294,  Nos.  6 and  8. 

Questions  (Page  289) 

1.  One-celled  animals.  Because  they  are  the 
simplest  animals.  All  fossil  animals  found 


in  the  oldest  layers  of  rocks  were  simple  ani- 
mals. 

2.  Plants  developed  from  one-celled  to  many- 
celled  plants;  developed  roots,  stems,  leaves, 
and  flowers;  developed  from  mosses  to  ferns, 
from  ferns  to  plants  with  flowers  and  seeds. 

3.  It  means  that  fish  with  backbones  seem 
to  have  developed  from  simple  animals  without 
backbones;  amphibians  from  fish,  and  reptiles 
from  amphibians;  birds  and  mammals  from 
earlier  animals,  possibly  reptiles.  Plants  have 
developed  from  one-celled  plants  to  our  present 
plants  with  flowers  and  seeds. 

4.  They  had  to  develop  lungs  and  legs. 

5.  The  animals  and  plants  scientists  found 
in  the  oldest  layers  of  rock  were  the  simplest;  in 
the  layers  of  rock  above  the  oldest  layers,  they 
found  animals  and  plants  that  were  more 
complex;  fossil  plants  and  animals  are  not  ex- 
actly like  the  plants  and  animals  today;  the 
kinds  of  changes  that  have  taken  place  show 
scientists  that  the  living  things  of  today  prob- 
ably developed  very  slowly  from  plants  and 
animals  of  long  ago. 

6.  Today’s  horses  are  much  larger,  have 
longer  ears  and  heads,  longer  legs,  longer, 
heavier  tails,  and  more  arched  necks  and  backs. 

Why  have  some  kinds  of  living  things 
disappeared  from  the  earth?  (Pages 
291-293) 

Concepts 

When  changes  in  the  land,  the  water,  the 
temperature,  and  the  climate  occurred  on  the 
earth,  the  animals  and  plants  changed,  too. 

a)  The  bodies  of  some  kinds  of  animals 
and  plants  changed  in  ways  that  adapted 
them  to  their  new  surroundings. 

b ) Some  kinds  of  animals  and  plants 
moved  to  new  surroundings  where  they 
could  still  live  unchanged. 

c ) Some  kinds  of  animals  and  plants  died. 

Procedure 

Ask  pupils  to  look  back  through  the  unit  and 
find  pictures  of  animals  and  plants  that  are  no 
longer  found  on  the  earth.  Ask  them  to  think 
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of  possible  causes  for  the  disappearance  of  these 
and  other  living  things.  What  the  pupils  have 
previously  learned  about  food,  air,  water,  and 
temperature  requirements  for  living  things,  in- 
terrelationships, changes  in  earth’s  surface,  etc., 
should  enable  them  to  have  some  ideas  about 
the  disappearances.  Let  the  children  discuss 
their  ideas  and  then  list  them  on  the  board. 

Now  have  the  children  read  the  problem 
and  study  the  chart  on  page  290  to  see  whether 
they  have  thought  of  the  correct  reasons  and  to 
find  additional  explanations.  Be  sure  to  de- 
velop the  meaning  of  the  word  adapt  on  page 
291.  Compare  the  reasons  for  the  disappearance 
of  plants  and  animals  given  in  the  text  with 
the  list  on  the  board  and  make  necessary  cor- 
rections or  additions.  Compare  them,  too,  with 
the  ideas  expressed  in  the  discussion  of  the 
picture  on  page  270.  For  an  additional  activity, 
see  Things  to  Do,  page  294,  No.  7. 

Questions  (Page  293) 

1.  Their  bodies  may  change  so  that  they  can 
stay  alive  in  their  new  surroundings;  they  can 
move  to  a place  where  they  can  live  without 
changing;  or  they  die. 

2.  Answers  may  include  pictures  on  pages 
270-279,  282,  286,  287. 

3.  Seas  changed  to  land;  land  changed  to  sea; 
land  was  covered  with  ice;  land  lifted  to  moun- 
tains; temperature  changed. 

4.  If  all  the  land  was  covered  with  water 
and  then  the  land  pushed  up  and  the  water 
ran  off,  all  the  water  animals  would  have  to 
become  adapted  to  their  new  surroundings. 
For  example,  fish  developed  fins  like  legs  and 
lungs  as  well  as  gills  so  that  they  could  live  on 
land  as  well  as  in  water.  Water  plants  also 
changed  so  that  they  could  live  on  land  when 
the  seas  disappeared.  If  plants  and  animals 
could  not  adapt  themselves  or  move,  they  died. 

Questions  to  answer  (Page  294) 

1.  Very  few  remains  of  present  plants  and 
animals  are  being  deposited  under  conditions 
in  which  they  will  be  preserved.  The  condi- 
tions that  formed  fossils  no  longer  exist. 


2.  Because  during  that  age  the  animals 
named  were  the  most  common. 

3.  The  first  birds  had  sharp,  pointed  teeth, 
long,  pointed  tails  with  feathers  along  the  sides, 
and  seem  to  have  been  much  larger  than  our 
robins,  crows,  etc.,  of  today. 

4.  The  earliest  fossils  are  found  in  the  oldest 
rock  layers,  which  are  almost  always  the  bot- 
tom layers. 

5.  The  conditions  of  great  heat  and  force 
under  which  igneous  rocks  are  formed  would 
destroy  the  remains  of  plants  and  animals.  The 
conditions  under  which  sedimentary  rocks  are 
formed  help  preserve  the  remains. 

6.  The  simplest  animals  lived  first.  So  a layer 
containing  only  simple  fossils  is  probably  older 
than  a layer  containing  more  complex  fossils. 

7.  They  may  become  adapted  to  living  on 
land,  find  another  swamp,  or  die. 

Things  to  do  (Page  294) 

1.  See  Bibliography. 

2.  The  text  pictures  and  some  of  the  Bib- 
liography references  will  help  identify  these 
specimens.  Knowing  the  name  of  the  fossil,  the 
pupil  can  find  a description  of  the  habits  of  the 
plant  or  animal.  This  knowledge  may  help  give 
ideas  about  the  former  appearance  of  the  fos- 
sil’s surroundings. 

3.  See  Bibliography. 

4.  Make  sure  that  the  children  see  several 
types  of  fossils,  that  is,  prints  or  molds,  shell 
fossils,  amber  fossils,  skeletons.  If  there  are 
restorations,  such  as  dinosaur  groups,  explain 
that  scientists  have  used  their  knowledge  of 
ancient  animals  to  build  these  representations. 
Be  sure  that  the  children  do  not  think  that  the 
whole  animal  was  preserved. 

5.  See  Bibliography. 

6.  Consult  the  chart  on  page  290  of  the  text 
and  use  the  information  in  the  text  to  help 
make  this  chart. 

7.  Consult  a botany  text  or  an  elementary 
encyclopedia. 

8.  Use  the  pictures  in  the  text  and  references 
in  the  Bibliography. 
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9-10.  The  Guideboo\  cannot  give  specific 
information  for  all  regions,  but  the  principles 
learned  in  this  unit  will  apply  to  any  region. 

11.  See  Bibliography  and  consult  encyclope- 
dias. An  excellent  book  about  Agassiz  for 


young  readers  is  Runner  of  the  Mountain  Tops 
by  M.  L.  Robinson.  (See  Bibliography.)  This 
may  be  read  by  interested  readers  in  the  class, 
or  the  teacher  may  use  it  as  a basis  for  telling 
the  story  of  Agassiz. 
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Part  Four  materials  and  sources 


Care  of  Living  Things  in  the  Classroom 


Animals 

General  suggestions.  Quarters.  Provide 
roomy  and  comfortable  quarters  for  every  ani- 
mal— aquaria  and  terraria  (see  below)  for  land 
and  water  forms;  cages  of  screen,  hardware 
cloth,  or  other  material  for  mammals,  insects 
(see  below),  etc.  The  cage  must  be  cleaned 
daily,  or  a diseased  pet  will  result.  The  cage 
should  have  a removable  bottom  for  cleaning 
facilities  and  stationary  containers  for  food  and 
water.  Line  cage  with  newspapers  or  other  ma- 
terial that  may  be  destroyed.  Provide  sleeping 
quarters  such  as  straw  or  a comfortable  box. 

Water.  Provide  with  fresh  water  daily. 

Feeding.  Feed  daily.  Most  wild  animals 
must  be  trained  to  eat  in  new  living  quarters. 
Patience  is  necessary.  Try  to  imitate  the  living 
conditions  of  the  animal  as  they  were  in  its 
natural  environment.  Remove  surplus  food 
after  animal  has  eaten.  Provide  plenty  of  food; 
the  animal  will  not  overfeed.  There  is  no  more 
pitiful  spectacle  than  half-starved  animals  in  a 
laboratory. 

Delicate  animals  such  as  guinea  pigs  should 
be  fed  twice  daily  and  at  regular  times.  Early 
morning  and  late  evenings  are  best.  On  Fri- 
days provide  enough  to  last  over  Sunday.  Cold- 
blooded animals  such  as  frogs,  lizards,  swifts, 
turtles,  etc.,  do  not  require  as  much  food  as 
warm-blooded  animals.  One  feeding  a day  is 
ample.  A large  feeding  every  other  day  is  suffi- 
cient in  most  cases.  In  aquaria  do  not  leave 
uneaten  food  to  foul  the  water. 

Vary  diet  to  prevent  weakness  and  disease. 
The  following  food  list  is  suggested. 

Snails:  Lettuce  leaves,  aquatic  plants,  pow- 
dered meat,  powdered  cuttlefish  bone. 


Fishes:  Prepared  fish  food,  chopped  beef, 
particles  of  earthworms. 

Salamanders  and  lizards:  Flies,  earthworms, 
chopped  beef,  liver. 

Frogs:  Diet  varies  with  kind  of  frog.  In- 
sects, fruit  flies,  roaches,  earthworms,  lar- 
vae, chopped  beef,  very  small  strips  of 
liver,  etc. 

Turtles:  Overripe  fruit,  lettuce,  clover,  car- 
rots, strips  of  liver. 

Sna\es:  Small  frogs,  mice,  lizards,  beef,  liver, 
chicken  scraps. 

Rats  and  mice:  Table  scraps,  cheese,  wheat 
flour  paste  mixed  with  milk,  pinch  of  salt 
and  lime,  dried  yeast,  lean  meat,  lettuce. 

Guinea  pigs  and  rabbits:  Plenty  of  succu- 
lent green  vegetables — at  least  body  weight 
daily.  Carrots,  turnips,  dry  sweet  hay, 
clover,  different  grasses,  dry  grain,  apples 
and  apple  parings,  apple  cores,  pear  peel- 
ings, tomatoes  (for  rabbits,  twigs  with  bark 
for  gnawing  occasionally),  water  cress, 
wheat  and  oat  shoots. 

The  insect  cage.  Grow  some  plants  from 
seed-corn,  wheat,  clover,  grass,  etc.,  in  a large 
pot  of  earth,  or  transplant  weeds  or  other 
plants  suitable  as  food  for  the  insects  to  be  kept. 
Press  a large  lamp  or  lantern  chimney  into  the 
soil,  fitting  the  plants  inside  it.  A small  con- 
tainer of  water  should  also  be  fitted  inside  the 
chimney.  Place  the  insects  inside  the  chimney 
and  close  the  top  with  wire  screening  or  mos- 
quito netting.  When  the  insects  have  eaten 
the  food  within  the  container,  move  it  to  a new 
pot  of  plants. 

Ant  colonies.  It  is  not  difficult  to  establish 
ant  colonies  for  observation.  The  Lubbock  ant 
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nest  is  well  adapted  for  use  in  the  schoolroom 
since  it  shows  all  the  tunnels  and  chambers. 
Such  a nest  may  be  obtained  from  one  of  the 
scientific  supply  houses  listed  on  page  119  of  the 
Gmdeboo\.  It  is  not  necessary,  however,  to 
purchase  an  observation  ant  nest,  as  one  similar 
to  the  Lubbock  nest  can  easily  be  constructed. 

Obtain  two  pieces  of  glass  about  twelve 
inches  square.  Lay  one  piece  of  glass  flat  on  a 
table  and  glue  one-quarter-inch  strips  of  wood 
around  three  edges,  using  water  glass  or  glass 
cement.  On  the  fourth  side  leave  two  openings. 
(These  openings  may  be  made  by  using  three 
short  pieces  of  wood  instead  of  a long  one. 
Put  one  piece  at  each  end  of  the  fourth  side 
and  one  in  the  middle.  This  will  leave  two 
openings.)  After  the  glue  is  dry,  fill  the  frame 
with  a mixture  of  sifted  loam  and  sand,  leav- 
ing a space  in  the  center  for  the  ant  colony  and 
spaces  near  the  two  openings  in  the  frame, 
which  are  to  be  plugged  later  to  keep  the  ants 
from  getting  out. 

Ant  colonies  may  be  found  beneath  logs  or 
stones,  or  in  underground  nests  in  gardens  and 
lawns.  When  a colony  has  been  found,  look 
carefully  for  a queen  or  two.  The  queen  can  be 
identified  by  her  large  size.  ( The  National 
Geographic  Magazine  for  August  1943  gives 
the  life  of  ants  and  shows  in  pictures  the  dif- 
ferent ant  forms.)  With  a trowel,  scrape  up  a 
queen  and  as  many  of  the  other  ants,  eggs,  aad 
larvae'  as  possible  and  take  them  home  in  a 
glass  jar  with  a tightly  screwed  lid.  Place  the 
ants  in  the  center  space  left  in  the  ant  nest. 
Then  glue  on  the  top  piece  of  glass.  In  one  of 
the  holes  in  the  frame  place  a small  sponge, 
which  must  be  kept  wet,  as  ants  cannot  be  left 
without  moisture.  The  other  hole  is  for  food. 
Bind  all  the  edges  with  glass  adhesive  tape. 
Then  plug  the  two  holes  with  removable  stop- 
pers. Feed  the  ants  from  time  to  time,  dropping 
bits  of  meat,  bread,  grains,  sugar,  drops  of 
honey,  and  dried  insects  into  the  food  hole. 
Keep  the  frame  covered  to  exclude  all  light  for 
a day  or  two.  By  then,  the  colony  will  be  estab- 
lished and  can  be  observed. 


The  aquarium.  A square  or  oblong  tank 
aquarium  is  the  best  type  that  can  be  had. 
Lacking  that,  the  ingenious  teacher  will  find 
many  good  substitutes,  such  as  large-mouthed 
battery  jars  and  fruit  jars.  Globes  are  not  as 
desirable  as  other  types,  for  they  distort  the 
appearance  of  animals  and  break  easily.  Thor- 
oughly clean  sand,  natural  objects  that  are 
found  in  streams  (such  as  attractively  colored 
pebbles  that  have  been  shaped  by  water  ac- 
tion), and  the  proper  kinds  of  plants  and  ani- 
mals are  the  materials  necessary  for  stocking 
an  aquarium.  A small  net,  rubber  tubing  for 
a siphon,  and  long-handled  forceps  are  desir- 
able. 

Setting  up  the  aquarium.  Clean  the  con- 
tainer thoroughly.  Put  in  a one-  to  two-inch 
layer  of  clean  sand.  Place  the  aquarium  where 
it  is  to  stay  permanently.  The  most  desirable 
place  is  one  where  it  will  not  receive  much  di- 
rect sunlight,  but  plenty  of  diffused  light,  such 
as  near  a north  window. 

The  close  observer  in  the  field  will  need  no 
special  instruction  as  to  the  types  of  plants  de- 
sirable for  the  aquarium.  Eel  grass,  water  mil- 
foil, pond  weed,  water  cress,  and  certain  kinds 
of  algae  can  be  collected  from  the  habitat 
where  they  are  growing  and  placed  in  the  tank 
to  grow  under  similar  conditions.  The  florist  or 
pet  shop  can  furnish  such  cultivated  varieties 
as  vallisneria,  sagittaria,  elodea,  ludwigia,  etc. 

In  arranging  the  plants  and  natural  objects, 
try  to  make  them  resemble  a natural  pond.  An- 
chor each  plant  in  the  sand  at  the  bottom  of 
the  aquarium  by  embedding  about  an  inch  of 
the  base  of  the  stem  and  placing  pebbles 
around  the  base.  The  upper  part  of  the  plant 
can  then  be  allowed  to  lie  flat  on  the  sand,  as 
it  will  straighten  to  an  upright  position  when 
the  water  is  put  in. 

Place  a large  piece  of  paper  over  the  plants 
and  the  sand,  and  siphon  the  water  gently  in 
on  top  of  it.  The  paper  will  prevent  displacing 
the  sand  as  the  water  is  poured  in  and  should 
be  removed  when  the  aquarium  has  filled. 
Use  water  from  a spring  or  clear  stream,  as  tap 
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water  often  contains  chemicals  that  are  harm- 
ful to  animal  life.  Let  the  aquarium  stand  for 
several  days  until  the  plants  adjust  themselves. 
Then  put  in  the  animals. 

A good  caution  is  not  to  overstock  the  tank. 
The  fish  rule  is  “one  inch  of  fish  to  one  gallon 
of  water.”  This  does  not  include  insects,  tad- 
poles, etc.,  the  number  of  these  depending 
upon  the  size  of  the  aquarium.  An  average 
amount  of  animals  for  one  gallon  of  water  is 
one  one-inch  fish,  one  tadpole,  one  snail,  and 
several  water  insects.  Goldfish  should  not  be 
used  in  a school  aquarium  unless  native  types 
cannot  be  obtained.  Use  familiar  animals  that 
have  been  collected  by  the  children,  if  possible. 
Some  native  fish  that  thrive  in  an  aquarium 
are  catfish,  mud  minnows,  sticklebacks,  and 
perch.  Snails  of  the  common  fresh-water  type 
are  desirable  as  scavengers.  Clams  and  fresh- 
water mussels  should  be  used  if  possible.  One 
is  usually  sufficient  for  an  average  tank.  Very 
small  turtles  (one  inch  in  diameter  across  the 
back)  may  be  used.  They  must  be  well  fed 
so  that  they  will  not  disturb  other  animals. 
Rocks  projecting  out  of  the  water  must  be 
provided  for  turtles,  so  that  they  can  get  above 
the  water  to  breathe.  Bullfrog  tadpoles  and 
newts  or  salamanders  may  be  taken  from 
springs  and  streams.  Desirable  insects  are  drag- 
onfly nymphs,  back  swimmers,  water  boatmen, 
water  striders,  and  whirligig  beetles. 

Feeding.  Feed  sparingly,  once  a day  on  the 
average,  and  remove  excess  food  as  soon  as  the 
animals  have  eaten.  Prepared  fish  food  of  sev- 
eral types  is  easy  to  use  and  suits  many  animals. 
A worm  suspended  on  a string  is  a good 
change  of  diet.  Small  flies,  water  plants,  and 
other  natural  foods,  noted  by  observing  ani- 
mals’ habits,  should  be  provided.  See  the  food 
list  on  page  113. 

Caution : Watch  the  aquarium  closely.  The 
water  may  have  to  be  changed  often  at  first. 
Animals  use  the  oxygen  of  the  water  for 
breathing,  while  plants  use  the  carbon  dioxide 
which  is  a waste  product  of  animal  life.  Plants 
make  oxygen.  In  this  way  the  balance  of 
aquarium  life  is  maintained.  Do  not  over- 


feed animals.  Remove  dead  animals  and  plants 
immediately. 

Plants 

Pots  and  window  boxes.  Temperature.  A 
daytime  temperature  of  65-70  degrees  and  a 
night  temperature  of  55-60  degrees  is  desirable 
in  the  schoolroom  for  normal  plant  growth. 
When  the  outside  temperature  is  excessively 
low,  protect  the  plants  from  freezing  by 
placing  newspapers  between  them  and  the 
windowpanes. 

Water.  Water  the  plants  only  when  they 
need  it — when  the  soil  is  dry.  Enough  water 
should  be  given  at  one  time  to  wet  the  soil  to 
the  bottom  of  the  pots.  Then  wait  until  the  soil 
is  dry  before  watering  again.  Sprinkle  the 
leaves  thoroughly  once  a week  in  order  to 
keep  them  free  of  dust  and  soot  (with  the  ex- 
ception of  African  violets,  whose  leaves  should 
not  be  wet). 

Pests.  Plants  are  frequently  attacked  on  the 
underside  of  the  leaves  by  small  green  lice, 
mealy  bugs,  and  scales,  which  are  lice  with 
hardened  outer  coverings.  To  rid  the  plants 
of  lice  and  mealy  bugs,  wipe  the  under  parts 
of  the  leaves  with  soapy  water  made  with  a 
mild  soap.  Scales  can  be  removed  only  by  using 
a toothpick  or  dull,  pointed  knife  to  lift  them. 
Then  wash  the  affected  parts  with  soap  solu- 
tion. 

The  terrarium.  A moisture-tight  container 
such  as  was  used  in  the  aquarium  work  is  best 
suited  to  terrarium  construction.  It  should  be 
either  square  or  rectangular  because  of  the  bet- 
ter view  afforded.  If  the  straight-sided  type 
cannot  be  had,  any  glass  jar  or  container  may 
be  used.  The  larger  ones  are  more  desirable. 
Use  a piece  of  plain  window  glass  for  a cover. 

Almost  any  plant  that  grows  in  the  local  en- 
vironment may  be  raised  successfully  by  simply 
noting  its  growing  conditions  and  reproducing 
them  as  nearly  as  possible  in  the  terrarium. 
Delicate  plants  that  would  die  in  a few  days 
otherwise  may  be  made  to  live  for  long  periods 
in  a properly  regulated  terrarium.  The  secret 
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of  success  lies  in  controlling  the  moisture  by 
means  of  a tight  glass  cover.  Plants  which 
require  little  or  no  moisture  may  be  kept  in 
containers  with  screen  covers,  or  with  glass 
covers  and  the  presence  of  little  moisture. 

The  terrarium  should  be  placed  where  it  will 
receive  plenty  of  light  and,  if  possible,  a little 
early  morning  sunlight.  Care  must  be  taken 
that  it  does  not  receive  enough  direct  sunlight 
to  make  the  plants  “scald”  because  of  too  high 
temperatures.  A northeast  window  is  ideal  for 
the  average  terrarium.  The  desert  type  should 
be  placed  where  it  will  receive  plenty  of  sun- 
light for  most  of  the  day.  Place  the  container  in 
the  location  where  it  is  to  stay  and  leave  it,  as 
continual  moving  of  the  container  is  bad  for 
both  plants  and  animals. 

Ordinary  room  temperatures  are  suitable  for 
plants  and  animals  usually  found  in  the  vicin- 
ity. If  the  temperature  of  the  schoolroom  falls 
very  low  over  weekends,  very  little  success  can 
be  expected.  An  average  nightly  temperature 
of  50  degrees  and  a daytime  temperature  of  75 
degrees  will  give  good  results. 

One  of  several  kinds  of  habitats  may  be  es- 
tablished in  the  terrarium,  but  only  a few  of 
the  most  common  types  will  be  discussed  here. 
Establish  first  those  that  match  the  environ- 
ment near  the  school  and  those  with  which  the 
pupils  are  most  familiar.  Others  may  be  estab- 
lished to  show  different  conditions  as  interest 
grows. 

Woodland  type.  In  the  bottom  of  the  con- 
tainer, place  a layer  of  sand  or  coarse  gravel 
about  an  inch  and  one-half  thick.  On  top  of 
this,  place  a layer  of  loose  rich  humus  from  the 
forest  floor.  On  field  trips  with  the  children, 


select  small  plants  that  are  found  growing  in 
the  deep  woods.  Place  in  this  miniature  wood- 
land such  animals  as  may  live  there.  A small 
salamander  (land  type)  and  two  small  toads 
will  make  a good  collection.  A small  snake 
may  be  added  if  desired.  Keep  the  soil  moist, 
but  do  not  allow  the  water  to  stand  for  long 
periods  of  time.  Feed  the  animals  with  small 
insects  such  as  house  flies,  worms,  and  small 
strips  of  liver.  Keep  the  terrarium  covered  with 
glass.  Exclude  most  direct  rays  of  sunlight. 

Marsh  type.  Place  a layer  of  gravel  on  a 
slope,  so  that  it  will  be  about  four  inches  high 
at  one  end  and  about  one  inch  at  the  other. 
Cover  this  layer  with  rich,  moist  earth  from  a 
bog.  Put  in  plants  that  require  much  moisture 
— mosses  (sphagnum  is  good),  small  clumps  of 
marsh  grass,  and  similar  plants.  Place  water 
plants  (see  directions  for  aquarium),  and  put 
about  two  inches  of  water  in  the  lower  end. 
Animals  such  as  small  turtles,  a small  fish 
or  two,  a tadpole,  small  frogs,  etc.,  will  com- 
plete the  animal  life.  Feed  as  directed  on  page 
113  and  keep  covered. 

Desert  type.  Construct  this  type  of  ter- 
rarium when  a study  of  conditions  prevailing 
in  very  dry  countries  is  desirable.  Use  coarse 
gravel  covered  with  sand  as  a base.  Place  small 
cactus  plants  of  various  types  in  natural  posi- 
tions. Cover  the  roots  completely.  Water  very 
sparingly  once  every  two  or  three  weeks,  as  the 
plants  tend  to  decay  if  watered  too  often.  Keep 
a small  pan  of  water  in  one  corner  for  the  ani- 
mals to  drink  from.  Animals  such  as  horned 
toads  and  fence  lizards  may  be  kept  success- 
fully. Feed  as  directed  on  page  113.  Cover  the 
terrarium  with  screen  wire. 
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hist  of  Materials 


The  materials  needed  for  the  experiments  and  observations  described  in  the  pupil’s  book  are 
listed  below.  Many  of  the  items  may  be  brought  from  home  by  the  pupils.  Some  may  be  borrowed 
from  upper-grade  science  rooms.  Others  may  be  bought  locally  in  ten-cent  stores,  drug  stores,  hard- 
ware stores,  pet  shops,  feed  stores,  florist  shops,  greenhouses,  etc.  It  may  be  necessary  to  order  a 
few  items  from  supply  houses.  These  items  are  printed  in  heavy  black  type.  The  names  and 
addresses  of  the  supply  houses  are  given  on  page  119. 


QUANTITY 

* ITEM 

QUANTITY 

ITEM 

- 

Agar,  nutrient  or  potato 

4 

Glass  jars  or  bottles:  2 small  just 

- 

Algae 

alike,  1 tall  with  large  mouth,  1 

1 

Balloon,  toy 

with  screw  top 

2 

Balls:  1 small,  1 large  (or  use  globe) 

1 

Glass  tube 

1 

Battery,  storage 

1 

Glass  U-tube 

1 

Begonia  plant 

1 

Glider,  toy,  or  model  airplane 

1 

Bell,  small  electric 

2 cups 

Gravel,  clean 

Piece 

Blotting  paper 

- 

Heat,  source  of 

3 

Boxes:  1 chalk,  2 small  wood  open 

1 cup 

Ice,  chipped 

at  one  end 

1 

Iron,  electric  (old,  worn-out) 

Slice 

Bread 

1 

Ivy  plant  and/ or  willow,  grape, 

1 

Bucket 

geranium,  poplar 

1 or  more 

Bulbs,  flower 

1 

Knife,  sharp 

1 

Candle 

1 

Lamp  chimney 

2 pieces 

Cardboard,  smooth  glossy  white 

2 

Leaves,  each  fresh 

1 

Cardboard  tube  (for  periscope) 

3 

Light  bulbs,  2 small  electric,  1 used 

Few  pieces 

Cellophane,  red,  blue,  green 

Pieces 

Magnetic  and  non-magnetic  mate- 

2  cups 

Clay 

rials 

2 yards 

Cloth,  1 white,  1 dark 

3 

Magnets:  2 bar,  1 horseshoe 

2 

Coins:  1 penny,  1 half  dollar 

1 

Magnifying  glass 

1 strip 

Copper  (1  inch  wide,  5 inches  long) 

1 

Microscope  (optional) 

1 

Cord  for  electric  iron 

1 

Megaphone  or  piece  of  cardboard 

2 pieces 

Cork:  1 to  fit  test  tube,  1 smaller 

Few  drops 

Milk 

6 wads 

Cotton  (to  plug  test  tubes) 

3 

Mirrors:  2 small,  1 large 

1 

Cup,  metal 

1 

Motor,  toy  electric,  with  place  for 

3 

Dishes  (1  to  grow  flower  bulb) 

attaching  color  wheel  (optional) 

3 

Dry  cells:  2 new,  1 worn-out  (No. 

2 or  3 

Mushrooms 

6 if  possible) 

Several 

Nails,  small 

1 

Electromagnet 

1 

Nail  or  bolt,  large 

1 

Fan,  small  electric 

1 

Needle  and  thread 

1 

Flashlight 

1 

Onion  bulb 

Several 

Flowers  that  show  parts 

1 

Oven,  hot  for  baking  petri  dishes 

1 

Flute 

1 

Pan  (to  hold  3-4  inches  of  water  and 

1 or  more 

Flies,  living 

6 test  tubes) 

1 

Fuse,  plug-type 

Few  pieces 

Paper,  red,  blue,  and  green  (or  cray- 

4 

Glasses  (tumblers):  1 thin,  2 thick, 

ons  to  color  white  paper) 

1 any  size 

Several 

Paper,  sheets  of  white 
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QUANTITY 

ITEM 

QUANTITY 

ITEM 

Piece 

Paper,  brown  wrapping  (large 

3 

Spools 

enough  to  cover  a window) 

1 

Stick  with  rubber  stopper  or  cork  at 

Pieces 

Paper,  gummed  (for  labels  and  for 

one  end 

sealing  Petri  dishes) 

2 feet 

String 

1 dish 

Pebbles 

1 tsp. 

Sugar 

6 

Petri  dishes 

2 tbs. 

Sulphuric  acid 

1 

Piano 

2 

Supports:  1 for  bar  magnet,  1 for 

1 cup 

Plaster  of  Paris 

reading  glass 

1 

Pole,  window  (or  other  long) 

Handful 

Tacks,  iron  or  steel 

- 

Pollen  on  blossoms 

8 

Test  tubes  of  same  size 

1 

Potato,  white 

1 

Test-tube  rack 

1 

Prism 

1 

Thermometer 

1 

Push  button,  electric 

2 strips 

Tin,  % inch  wide,  4 inches  long 

- 

Refrigeration  or  means  of  freezing 

1 strip 

Tin  foil  (about  4-5  inches) 

water 

1 

Triangle 

6 

Rubber  bands:  3 same  length  and 

2 

Tuning  forks,  small,  alike 

width,  3 same  length  but  different 

- 

Twigs 

widths,  1 very  strong  (or  elastic) 

1 

Violin 

1 

Ruler 

1 

Watch 

- 

Sand:  enough  to  fill  sand  box;  some 

1 bucket 

Water 

of  it  coarse 

1 glass 

Water,  muddy 

1 

Sand  table  or  sand  box 

- 

Weather  reports  (newspaper  and  ra- 

1 

Saw 

dio) 

1 

Saxophone 

2-3  feet 

Wire,  bare  copper 

1 

Screen  or  white  wall  for  use  with 

2-3  feet 

Wire,  covered  copper 

projector 

1 piece 

Wire,  iron  (short) 

Piece 

Screening,  wire 

Block 

Wood  (about  6 inches  long) 

6 

Screws 

2 pieces 

Wood,  soft  (about  8x8xj4  inches) 

1 

Shell 

1 

Xylophone,  toy  (with  bars  that  vary 

Several 

Slides 

in  length  and  width) 

1 

Slide  projector  (optional) 

1 

Yardstick 

1 

Socket,  small  electric 

1 

Yeast  cake 

Handful 

Soil 

1 strip 

Zinc  (1  inch  wide,  5 inches  long) 
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Supply  Houses 


Biological  Supply  Company,  1176  Mt.  Hope  Avenue,  Rochester  7,  N.  Y. 

Cambosco  Scientific  Company,  37  Antwerp  Street,  Boston  35,  Mass. 

Carolina  Biological  Supply  Company,  Elon  College,  North  Carolina. 

Central  Scientific  Company,  1700  Irving  Park  Road,  Chicago  13,  111.;  441  Clinton  Avenue,  New- 
ark 8,  N.  J.;  79  Amherst  Street,  Cambridge  42,  Boston,  Mass. 

Chicago  Apparatus  Company,  1735  N.  Ashland  Avenue,  Chicago  22,  111. 

Clay-Adams  Company,  44  East  23rd  Street,  New  York  10,  N.  Y.  (models,  charts) 
Denoyer-Geppert  Company,  5235  Ravenswood  Avenue,  Chicago  40,  111.  (models,  charts) 

Eimer  and  Amend,  633'  Greenwich  Avenue,  New  York  14,  N.  Y. 

General  Biological  Supply  House,  761-763  East  69th  Place,  Chicago  37,  111. 

Heil  Corporation,  210  South  4th  Street,  St.  Louis  2,  Mo. 

Marine  Biological  Laboratory,  Woods  Hole,  Mass. 

Millard-Heath  Company,  325  Olive  Street,  St.  Louis  2,  Mo. 

New  York  Scientific  Supply  Company,  28  West  30th  Street,  New  York  1,  N.  Y. 

A.  J.  Nystrom  & Company,  3333  N.  Elston  Avenue,  Chicago  18,  111.  (charts) 

Oregon  Biological  Supply  Company,  303  N.E.  Multnomah,  Portland  12,  Ore. 

Scientific  Supplies  Company,  122  Jackson  Street,  Seattle  4,  Wash. 

Standard  Science  Supply  Company,  1232  N.  Paulina  Street,  Chicago  22,  111. 

Standard  Scientific  Supply  Corporation,  34-38  West  4th  Street,  New  York  12,  N.  Y. 

Tricker,  William,  Inc.,  Tanglewood  Drive,  Independence,  Ohio;  Saddle  River,  N.  J. 

Ward’s  Natural  Science  Establishment,  Inc.,  3000  Ridge  Road,  East,  Rochester  9,  N.  Y. 

Welch  (W.  M.)  Scientific  Company,  1515  N.  Sedgwick  Street,  Chicago  10,  111. 


Visual  Aids 


American  Museum  of  Natural  History,  Central  Park  West  at  79th  Street,  New  York  24,  N.  Y. 

Loans  teachers  silent  and  sound  films,  lantern  slides,  and  cased  collections. 

Association  Films  (Y.M.C.A.  Motion  Picture  Bureau)  : 347  Madison  Avenue,  New  York  17,  N.  Y.; 
19  South  LaSalle  Street,  Chicago  3,  111.;  3012  Maple  Avenue,  Dallas  4,  Texas;  351  Turk  Street, 
San  Francisco  2,  Calif. 

Bray  Studios,  Inc.,  729  Seventh  Avenue,  New  York  19,  N.  Y.  Films  on  many  subjects. 
Bristol-Meyers  Co.,  Educational  Dept.,  630-C  5th  Avenue,  New  York  20,  N.  Y.  Wall  chart  show- 
ing teeth  and  their  care. 

L.  W.  Brownell,  176  East  32nd  Street,  Paterson,  N.  J.  Slides  on  animals,  botany. 

Encyclopaedia  Britannica  Films,  Inc.,  20  North  Wacker  Drive,  Chicago  6,  111.  Films  on  all  subjects. 

(Has  libraries  formerly  belonging  to  Eastman  and  Erpi.) 

Films,  Incorporated,  Education  Department:  330  West  42nd  Street,  New  York  18,  N. Y.;  611 
Tillamook  Street,  Portland  12,  Ore.;  64  East  Lake  Street,  Chicago  1,  111.;  101  Marietta  Street, 
Atlanta  3,  Ga.;  109  North  Akard  Street,  Dallas  1,  Texas. 

General  Electric  Company,  Educational  Service  Division,  Publicity  Department,  1 River  Road, 
Schenectady  5,  N.  Y.  Write  for  catalog.  Motion  pictures  distributed  through  local  offices. 
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Keystone  View  Company,  Meadville,  Pa.  Lantern  slides  for  courses  in  biology. 

Metropolitan  Life  Insurance  Company,  1 Madison  Avenue,  New  York  10,  N.  Y.  Films  on  medi- 
cine, nutrition,  safety. 

National  Audubon  Society,  1000  Fifth  Avenue,  New  York  28,  N.  Y.  Lantern  slides  of  North 
American  birds  and  mammals. 

New  York  University  Film  Library,  26  Washington  Place,  New  York  3,  N.  Y. 

Santa  Fe  Film  Bureau,  1401  Railway  Exchange  Bldg.,  80  East  Jackson  Blvd.,  Chicago  4,  111.  Films 
on  canyons  in  the  west  and  on  locomotives.  Free. 

Society  for  Visual  Education,  Inc.,  100  East  Ohio  Street,  Chicago  11,  111.  Films,  slides  and  slide- 
films,  kodachromes,  and  charts  on  all  subjects. 

U.  S.  Department  of  Agriculture 

Films:  Motion  Picture  Service,  U.S.D.A.,  Washington  25,  D.  C. 

Information  on  slides:  Extension  Service,  U.S.D.A.,  Washington  25,  D.  C. 

U.  S.  Department  of  Commerce.  Films.  Catalog  of  films  distributed  by  Civil  Aeronautics  Ad- 
ministration, April  1947. 

U.  S.  Public  Health  Service  and,  in  many  cases,  your  state  Board  of  Health  will  have  a film 
library  or  list  of  recommended  aids. 

United  World  Films,  Inc.,  445  Park  Avenue,  New  York  22,  N.  Y.  (Now  owns  the  large  film 
library  of  Bell  and  Howell.) 

Visual  Aids  Service  of  New  Jersey  State  Teachers  College  Library,  Upper  Montclair,  N.  J. 
Maintains  an  up-to-date  card  catalog  and  will  furnish  information  relating  to  suitable  audio- 
visual and  teaching  aids. 

Westinghouse  Electric  Corp.,  306  Fourth  Avenue,  Pittsburgh  30,  Pa.  Sends  free  films  and  charts 
on  physical  sciences  and  health. 

Many  public  school  systems  and  state  universities  have  departments  of  visual  education  which 
maintain  film  libraries.  State  museums  often  loan  slides  to  teachers. 
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To  the  Boys  and  Girls  Who  Study  This  Book 


When  you  opened  this  book  for 
the  first  time,  what  did  you  do? 
You  wanted  to  find  out  what  is  in  the 
book.  So  you  probably  turned  the 
pages  and  looked  at  the  pictures.  You 
used  your  eyes  to  discover  something 
that  you  wanted  to  know.  Looking  at 
things  is  one  way  to  find  out  about 
them. 

How  are  the  boys  and  girls  in  the 
picture  learning  about  airplanes? 
Some  of  the  boys  have  made  model 
airplanes  and  brought  them  to  school. 
The  children  in  the  science  class  are 
looking  at  these  planes.  They  are 
using  their  eyes  to  discover  what  the 
parts  of  an  airplane  are.  As  you  study 
this  book,  you  will  discover  many  in- 


teresting things  in  the  same  way.  But 
you  must  be  sure  to  look  at  things 
carefully  or  you  will  not  see  every- 
thing there  is  to  see. 

Right  now,  you  are  using  your  eyes 
in  another  way  to  discover  something. 
You  are  reading  the  words  printed  on 
this  page.  So  reading  is  another  way 
to  find  out  about  things.  Suppose  you 
want  to  find  out  what  you  will  study 
in  this  book.  How  can  you  find  out 
quickly?  Turn  to  the  Contents  on 
pages  3-5  and  read  what  you  see  there. 
As  you  read,  you  can  discover  what  is 
in  the  book.  You  are  going  to  learn 
about  sound,  the  weather,  the  earth’s 
surface,  germs,  electricity,  and  light. 
You  will  also  study  the  universe,  air- 
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planes,  new  plants  and  animals,  and 
the  history  of  living  things. 

Besides  looking  at  things  and  read- 
ing about  them,  you  will  use  still 
another  way  to  discover  more  about 
the  world  in  which  you  live.  Scien- 
tists have  a special  name  for  this  other 
way  that  you  are  going  to  use.  They 
call  it  experimenting.  That  means 
trying  things  out.  When  a scientist 
does  an  experiment,  he  wants  to  dis- 
cover something  that  he  does  not  al- 
ready know.  Or  he  wants  to  find  out 
whether  an  idea  he  has  is  true. 

Did  you  ever  say  to  yourself,  “I 
wonder  how  this  works”  or  “What 
will  happen  if  I do  this”?  If  you  found 
the  answer  to  your  question  by  trying 


something  out,  you  were  experiment- 
ing. When  a scientist  does  an  experi- 
ment, he  wants  to  be  sure  that  the 
answer  is  correct.  So  he  does  his  work 
very  carefully  and  he  does  his  experi- 
ment several  times.  Here  are  some 
good  rules  to  follow  as  you  do  the 
experiments  in  this  book. 

1.  Always  work  carefully. 

2.  Be  sure  to  follow  the  directions 
that  are  given  in  your  book. 

3.  Watch  carefully  to  see  what 
happens. 

4.  Think  carefully  to  understand 
why  it  happens. 

5.  Try  your  experiment  more  than 
once  so  that  you  can  be  sure  that  you 
do  it  correctly. 
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* How  all  sounds  are  alike  * How  living  things  make  sounds  * 
* How  sounds  travel  * How  we  can  control  sound  waves  * 

* Why  sounds  are  different  * 

* How  musical  instruments  make  sounds  * 

* How  you  hear  sounds  * 


* In  Unit  One  You  Will  Learn  * 


“W  THEN  YOU  COME  to  School  to- 

VV  morrow,”  the  teacher  said  to 
her  class,  “bring  something  that  will 
make  a sound.  We  will  do  some  ex- 
periments with  the  things  you  bring 
to  find  out  how  each  one  makes  a 
sound.  I wonder  how  many  different 
sound  makers  you  can  bring.” 

The  next  day  the  boys  and  girls 
came  to  school  with  many  different 
sound  makers.  Then  they  began  to  do 
experiments  to  discover  how  each 
one  made  a sound.  You  can  try  these 
experiments  yourself. 

Bill’s  sound  maker  was  very  simple. 
He  just  laid  his  ruler  flat  on  his  desk 
so  that  half  of  it  stuck  out  beyond  the 
edge  of  the  desk.  With  one  hand  he 
held  the  ruler  firmly  against  the  desk, 
and  with  his  other  hand  he  pulled 
down  on  the  end  that  stuck  out. 
“Buzz-z-z-z”  went  the  ruler  when  he 
let  go  of  the  end.  The  children  looked 
closely  to  see  what  made  the  sound. 
But  they  could  see  only  that  the  end 
of  the  ruler  was  moving  up  and  down 
very  fast. 


Sally  and  Alice  made  a sound  with 
a rubber  band.  Alice  stretched  the 
rubber  band,  and  Sally  snapped  it 
with  her  finger.  It  made  a humming 
sound.  Everyone  could  see  that  the 
rubber  band  was  moving  rapidly  back 
and  forth. 

Fred  brought  the  steel  triangle  that 
he  used  in  the  school  band.  He  held 
it  up  by  a string  and  then  hit  it  with 
a steel  rod.  The  triangle  made  a ring- 
ing sound.  When  he  touched  the 
triangle  with  his  hand,  it  stopped 
ringing.  Fred  said  that  it  tickled  his 
hand  when  he  touched  it. 

The  teacher  held  up  a tuning  fork 
and  said,  “Who  can  make  a sound 
with  this?”  Nancy  took  the  tuning 
fork  and  struck  one  of  its  prongs  on 
a piece  of  wood.  Then  she  held  the 
tuning  fork  near  the  ears  of  some  of 
the  children.  They  could  plainly  hear 
the  singing  sound  that  came  from  it, 
but  they  could  not  see  what  made 
the  sound. 

Now  think  about  the  ways  that  the 
sounds  were  made.  You  can  easily  see 
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These  hoys  and  girls  made  their  own  instruments.  How  does  each  one  make  sound? 


that  the  things  did  not  make  sounds 
by  themselves.  A ruler  lying  on  a desk 
makes  no  sound.  But  if  you  pull  one 
end  down  and  then  let  it  go,  the  ruler 
makes  a sound.  A stretched  rubber 
band  makes  a sound  only  when  it  is 
snapped.  You  have  to  strike  a triangle 
and  a tuning  fork  to  get  them  to  make 
a sound. 

Pianos,  organs,  horns,  drums,  vio- 
lins, guitars,  flutes,  and  other  musical 
instruments  are  all  sound  makers,  too. 


What  must  you  do  to  get  each  one  of 
these  to  make  a sound? 

You  probably  know  that  sounds  are 
not  all  the  same.  A horn  does  not 
make  the  same  sound  as  a piano  or 
a drum.  And  you  can  usually  tell 
which  musical  instrument  is  making 
the  sound  that  you  hear.  Sounds  can 
be  made  in  many  different  ways.  So 
you  may  be  surprised  to  learn  that 
sounds  are  all  alike  in  one  way.  Do 
you  know  how  they  are  alike? 


How  are  all  sounds  alike? 


You  know  that  some  things  make 
sounds  when  they  are  pulled  or 
struck.  Now  you  can  do  an  experi- 
ment to  see  how  sounds  are  made. 
Be  sure  to  watch  closely  so  that  you 
can  see  what  the  experiment  shows. 


Strike  the  prongs  of  a tuning  fork 
on  a piece  of  wood.  Then  quickly 
touch  some  water  in  a pan  with  the 
ends  of  the  prongs.  What  happens  to 
the  water?  Why  does  it  spatter?  What 
does  this  show  you  about  the  prongs 
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of  the  tuning  fork?  If  you  have  a 
triangle,  do  the  experiment  again 
with  that.  Does  the  same  thing  hap- 
pen to  the  water  this  time? 

When  one  science  class  had  done 
this  experiment,  some  of  the  boys  and 
girls  were  quite  sure  of  one  thing. 
They  said,  “When  anything  makes  a 
sound,  it  moves  back  and  forth  very 
fast.” 

Do  you  think  what  they  said  is 
true?  You  can  do  another  experiment 
that  will  help  you  find  out.  Cut  a tiny 
piece  from  a large  cork.  Fasten  a piece 
of  thread  to  a needle  and  stick  the 
point  of  the  needle  into  the  cork. 
Then  hang  the  cork  near  one  prong 
of  a tuning  fork.  Now  strike  the 
fork  and  watch  the  cork.  What  makes 
the  cork  move?  The  experiment 
shows  that  the  prongs  of  the  tuning 


fork  move  back  and  forth  very  fast. 
When  they  do  this,  the  fork  makes 
a sound. 

We  say  that  anything  which  moves 
back  and  forth  very  fast  is  vibrating. 
The  prongs  of  the  tuning  fork  were 
vibrating.  So  was  the  ruler,  and  so 
were  the  rubber  band  and  the  tri- 
angle. Each  of  these  things  makes  a 
sound  when  it  vibrates.  Now  you  can 
understand  why  you  have  to  pull  or 
strike  them  before  they  will  make 
sounds.  You  have  to  make  each  one 
of  them  start  vibrating. 

Now  try  this  experiment.  Snap  a 
stretched  rubber  band  to  make  it  vi- 
brate and  make  a sound.  Then  touch 
the  rubber  band  while  it  is  still  vibrat- 
ing. What  happens?  The  vibrating 
stops.  When  the  vibrating  stops,  the 
sound  stops,  too. 
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All  these  experiments  show  that  a 
sound  is  made  when  something  vi- 
brates. The  ruler,  the  rubber  band, 
the  triangle,  and  the  tuning  fork  make 
sounds  only  when  they  vibrate.  An 
automobile  horn  makes  a sound  when 
a thin  metal  disk  inside  the  horn  vi- 


brates. Your  voice  and  the  voices  of 
your  teacher  and  your  classmates  are 
made  when  something  vibrates.  The 
ringing  of  the  school  bell  is  also  made 
when  something  vibrates.  Now  do  you 
see  one  way  in  which  all  sounds  are 
alike? 


1.  What  does  vibrate  mean?  What  are  two  ways  of  causing  sound 

makers  to  vibrate? 

2.  How  can  you  stop  a bell  or  drum  that  is  vibrating  and  making  a 

sound? 

3.  How  are  all  things  alike  when  they  are  making  sounds?  Give  some 

examples  to  show  that  your  answer  is  correct. 

How  do  living  things  make  sounds? 


Suppose  that  you  stand  quietly  in 
a woods  or  in  a farmyard.  If  you 
listen  carefully,  you  can  hear  many 
sounds  made  by  living  things.  Birds 
sing,  frogs  croak,  dogs  bark,  insects 
buzz,  cows  moo,  pigs  squeal,  and  cats 
mew.  When  you  tell  someone  about 
these  sounds,  then  you  are  making 
sounds,  too.  Do  you  know  how  you 
and  other  living  things  make  sounds? 


Hum  a tune.  While  you  are  hum- 
ming, feel  your  throat.  Hold  your 
throat  tightly  enough  to  feel  it  quiver. 
This  tells  you  there  is  something  in- 
side your  throat  that  is  vibrating  as 
you  hum. 

Inside  your  throat  is  a sound  box, 
or  a voice  box , as  it  is  also  called.  From 
the  voice  box  come  all  the  sounds 
that  you  make  when  you  talk,  sing, 
hum,  or  shout.  Inside  the  voice  box 
are  two  parts  called  vocal  cords.  They 
are  somewhat  like  rubber  bands,  and 
they  make  sounds  in  somewhat  the 
same  way. 

Of  course,  there  is  nothing  in  your 
throat  to  snap  the  vocal  cords  as  you 
do  when  you  make  a rubber  band  vi- 
brate. Air  makes  your  vocal  cords 
vibrate.  The  air  comes  from  your 
lungs  as  you  breathe  out.  It  passes  be- 
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Many  frogs  have  air  sacs  on  their  throats.  When  they  croak,  they  blow  out  the  air  sacs. 
The  sacs  and  the  air  in  them  vibrate  and  make  the  sounds  louder.  The  click  beetle 
makes  a click  by  rubbing  the  hard  shell  of  its  head  against  the  hard  shell  of  its  body. 


tween  the  vocal  cords  and  makes 
them  move  back  and  forth.  They  vi- 
brate as  a blade  of  grass  does  when 
you  hold  it  between  your  thumbs  and 
blow  on  it.  You  can  get  some  blades 
of  grass  and  show  how  moving  air 
causes  them  to  vibrate  and  make  a 
sound.  Or  you  can  try  blowing  on  a 
piece  of  paper  or  cellophane  as  you 
hold  it  tightly  between  your  thumbs. 

You  can  make  your  sounds  into 
words.  But  you  cannot  do  this  with 
your  vocal  cords  alone.  If  you  want 
to  tell  someone  something  or  ask  a 
question,  your  vocal  cords  vibrate. 
You  can  make  high  sounds  or  low 
sounds  and  loud  sounds  or  soft 
sounds  just  by  using  your  vocal  cords. 
Try  it.  But  you  cannot  say  the  alpha- 
bet, or  any  word,  with  only  your  vo- 
cal cords.  Try  it.  You  will  see  that 


your  teeth,  lips,  and  tongue  all  help 
you  form  the  sounds  that  make  words. 
Your  brain  helps  you  talk  so  that 
other  people  can  understand  you. 

Have  you  ever  watched  a bird’s 
throat  as  it  sings?  Did  you  see  its 
throat  quiver?  If  you  did,  then  you 
know  that  something  inside  the  bird’s 
throat  vibrates,  too.  Birds  have  vocal 
cords.  These  cords  vibrate  and  make 
sounds  when  air  from  the  birds’  lungs 
passes  between  them.  You  probably 
know  that  parrots  and  some  other 
kinds  of  birds  can  be  taught  to  say 
a few  words. 

Many  animals  make  sounds  when 
their  vocal  cords  vibrate.  But  insects 
have  no  vocal  cords.  They  make 
sounds  in  other  ways.  Some  are  drum- 
mers, and  some  are  fiddlers.  One  kind 
of  beetle  that  lives  in  old  wood  has  a 
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In  these  pictures,  you  can  see  the  sound  file  on  the  edge  of  a katydid’s  wing. 


strange  way  of  making  a sound.  It 
strikes  its  head  against  the  wood  and 
makes  a sound  somewhat  like  beating 
a drum. 

Crickets  and  katydids  have  a fiddle 
and  a bow!  The  male  is  the  musician 
of  the  family.  Part  of  one  of  his  wings 
is  rough  like  a file.  Part  of  the  edge 
of  the  other  wing  sticks  out.  When  a 
male  katydid  rubs  his  wings  together, 
he  makes  a sound  like  this  “katydid- 
katydid— katydid”  or  “she  didn’t— 
she  didn’t— she  didn’t.”  A male  cricket 
makes  a chirping  sound  in  much  the 
same  way. 


Flies  and  bees  make  their  humming 
sounds  by  moving  their  wings  up  and 
down  very  rapidly.  Hummingbirds 
also  make  a humming  sound  as  their 
wings  vibrate. 

Animals  often  use  sounds  to  warn 
each  other  of  danger.  You  have  prob- 
ably heard  a mother  bird  sending  out 
sharp  cries  of  warning  to  her  young 
when  a cat  came  near  the  nest.  Birds 
seem  to  use  their  sounds  to  call  each 
other,  too.  No  one  knows  just  how 
much  animals  can  tell  each  other 
with  their  sounds.  So  far,  scientists 
have  not  answered  this  question. 


1.  How  does  each  of  these  living  things  make  sounds? 

You  Bird  Katydid  Bee 

2.  How  are  the  sounds  made  hy  living  things  all  alike? 

3.  What  kinds  of  sounds  can  we  make  with  just  our  vocal  cords? 

4.  How  do  we  form  sounds  into  words? 
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How  do  sounds  travel? 


WHEN  SOMEONE  SPEAKS,  Sounds 

go  from  his  vocal  cords  to  your 
ears.  How  do  the  sounds  do  this? 
From  far  away  and  nearby,  all  kinds 
of  sounds  keep  coming  to  your  ears. 
How  can  they  get  there?  They  must 
travel  through  the  air. 

You  know  that  all  sounds  come 
from  things  that  are  vibrating.  These 
things  that  vibrate  make  the  air 
vibrate,  too.  Scientists  call  these  vi- 
brations in  the  air  sound  waves.  They 
know  that  sounds  travel  in  waves 
through  the  air.  You  cannot  see  these 
waves.  But  you  can  do  an  experiment 
to  show  that  vibrations  are  traveling 
through  the  air. 

Get  two  tuning  forks  that  are  just 
alike.  Also  get  two  small  wooden 
boxes  that  are  open  at  one  end.  Turn 
the  boxes  so  that  the  open  ends  are 
toward  each  other.  Set  the  boxes  very 
close  together  but  not  touching.  Have 
the  room  as  quiet  as  possible. 

Now  hold  the  handle  of  one  fork 
tightly  against  a box.  Have  someone 
strike  the  other  fork  hard.  Use  a stick 
with  a rubber  stopper  or  a cork  on 
one  end  to  do  this.  Then  hold  the  han- 
dle of  the  vibrating  fork  tightly 
against  the  other  box.  After  a few  sec- 
onds, touch  this  fork  with  your  fingers 
to  stop  its  vibrating.  Listen  carefully. 
Is  the  other  fork  vibrating?  How  can 
you  tell? 

You  made  one  fork  vibrate  by  strik- 
ing it.  The  vibrating  fork  made  the 


air  near  it  vibrate,  too.  The  vibrating 
air  started  sound  waves.  The  sound 
waves  traveled  through  the  air  to  the 
other  tuning  fork.  When  the  sound 
waves  struck  this  fork,  they  made  the 
fork  vibrate.  You  could  not  see  the 
sound  waves  as  they  traveled  through 
the  air.  But  the  experiment  showed 
you  that  they  did  travel  through  the 
air  even  though  you  could  not  see 
them.  The  girl  in  the  picture  below 
can  feel  the  tom-tom  vibrate  as  the 
boy  beats  the  drum. 

Sound  waves  travel  in  all  directions 
from  a thing  that  is  vibrating.  They 
travel  up,  down,  and  sideways.  You 
can  do  an  experiment  to  show  that 
this  is  true.  Have  someone  stand  in 
the  middle  of  the  room  and  ring  a bell. 
Walk  around  the  room  as  the  bell  is 
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ringing.  Then  stand  on  a chair.  Also 
stoop  down  near  the  floor.  Can  you 
hear  the  bell  ring  wherever  you  are 
in  the  room?  What  does  this  show  you 
about  how  sound  waves  travel? 

If  you  could  take  all  the  air  out  of 
a room,  you  could  not  hear  a thing 
in  that  room.  Sound  waves  must  have 
air  to  travel  through.  You  know  that 
air  is  a gas.  But  is  air  the  only  mate- 
rial through  which  sound  waves  can 
travel?  Perhaps  you  can  answer  this 
question  if  you  read  about  what  hap- 
pened to  some  boys. 

Jerry  and  Bob  went  swimming. 
While  Jerry  was  diving,  Bob  was  pick- 
ing up  stones  in  the  water  and  piling 
them  on  the  shore.  Once,  just  as  Jerry 
dived,  Bob  bumped  two  stones  to- 
gether under  water.  As  Jerry  came 
out  of  the  water,  he  said,  “Say,  Bob, 
what  made  that  loud  sound  in  my 
ears  when  I was  under  water?” 


The  sound  was  made  by  the  rocks 
cracking  together.  What  does  that 
tell  you  about  sound  traveling  in 
water? 

Henry’s  father  always  wakened  him 
in  the  morning.  Without  saying  a 
word,  he  told  Henry  it  was  time  to  get 
up.  When  Henry’s  father  went  to  the 
basement  to  put  coal  in  the  furnace, 
he  tapped  three  times  with  the  furnace 
shaker  on  an  iron  heating  pipe.  This 
pipe  went  up  to  a radiator  near  Hen- 
ry’s bed.  When  Henry  heard  the 
sounds,  he  woke  up.  Then  he  tapped 
three  times  on  the  radiator  to  tell  his 
father  that  he  had  heard  the  message. 

Did  the  story  about  Jerry  and  Bob 
tell  you  that  water  carries  sounds? 
Did  the  story  about  Henry  and  his 
father  tell  you  that  iron  carries 
sounds?  You  can  do  some  experi- 
ments to  find  out  more  about  how 
sounds  travel  in  different  materials. 

Get  a yardstick  and  a tuning  fork. 
Hold  one  end  of  the  yardstick  near 
your  ear  and  straight  out  from  it. 
Have  someone  strike  the  tuning  fork 
gently  to  make  it  vibrate  and  then 
hold  its  handle  against  the  other  end 
of  the  yardstick.  Can  you  hear  the 
sound  from  the  fork  as  it  travels 
through  the  solid  stick?  Now  take 
away  the  yardstick.  Have  someone 
strike  the  tuning  fork  again  and  hold 
it  a yard  away  from  your  ear.  Can  you 
hear  the  sound  this  time?  What  does 
this  tell  you  about  solids  as  carriers  of 
sound?  Do  they  carry  sounds  as  well 
as  gases  like  air  do? 


Do  the  experiment  again  but  use  a 
strip  of  cloth  instead  of  the  yardstick. 
Hold  the  cloth  out  straight  as  you  did 
the  stick.  Does  the  sound  of  the  tun- 
ing fork  travel  easily  through  the 
cloth?  Soft  materials,  such  as  cloth, 
do  not  carry  sounds  so  well  as  wood, 
iron,  and  other  hard  solids. 

You  know  that  there  are  three  main 
kinds  of  materials  in  the  world.  They 
are  called  solids,  liquids,  and  gases. 
All  three  of  them  can  carry  sounds. 
Air  is  a gas.  Water  is  a liquid.  Iron  and 
wood  are  solids.  Gases  do  not  carry 
sounds  so  well  as  liquids  and  some 
solids  do.  Liquids  are  better  carriers 
than  gases.  But  hard  solids  are  the 
best  carriers  of  sounds. 

Now  can  you  tell  why  you  can  hear 
the  sound  of  a train  far  down  the 
track  if  you  put  your  ear  near  a rail? 
Do  you  know  why  Indians  used  to  put 
their  ears  to  the  ground  to  find  out 
if  men  were  coming  on  horses? 

Sound  travels  very  fast.  When  it 
goes  through  air,  it  travels  about  1100 


feet  in  one  second,  or  about  a mile  in 
five  seconds.  It  travels  even  faster 
than  this  through  water,  wood,  and 
metals.  Sound  speeds  through  steel  at 
more  than  15,000  feet  in  one  second. 
High  sounds,  low  sounds,  loud  sounds, 
and  soft  sounds  all  travel  at  the  same 
speed  in  the  same  material. 

‘ 'V  ,Vi 


3. 
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How  is  a sound  wave  started? 

If  an  electric  bell  is  put  under  a glass  jar,  you  can  hear  it  ring. 
But  if  all  the  air  is  pumped  out  of  the  jar,  you  can  no  longer 
hear  the  bell  ring.  Why? 

Tell  about  an  experiment  or  anything  you  have  done  or  heard 
which  shows  that  sounds  travel  through  solids,  liquids,  and 
gases. 

Do  sounds  travel  faster  in  liquids  or  in  hard  solids?  In  liquids  or 
in  gases? 

About  how  long  would  it  take  the  sound  of  a loud  whistle  to  travel 
three  miles  through  air? 
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How  can  we  control  sound  waves? 


Sound  waves  travel  out  in  every 
direction  from  a thing  that  is  vi- 
brating. But  sometimes  we  want  the 
sound  waves  to  go  in  one  direction 
only.  So  we  try  to  guide  the  sound 
waves.  On  this  page  is  a picture  of  a 
cheer  leader.  He  is  using  a megaphone 
to  guide  the  sounds  of  his  voice  toward 
the  crowd.  You  do  something  like  this 
when  you  want  to  call  to  someone  who 
is  some  distance  away.  You  make  a 
cup  of  your  hands  around  your  mouth. 
When  you  shout,  the  sound  of  your 
voice  is  guided  where  you  want  it 
to  go. 

You  can  easily  make  a megaphone 
out  of  cardboard  and  do  some  exper- 
iments. First,  have  someone  stand  in 
a corner  of  the  room  and  speak  very 
softly  without  using  the  megaphone. 


Then  have  him  speak  softly  again, 
using  the  megaphone.  Can  you  notice 
the  difference?  Do  you  see  how  the 
megaphone  helps  guide  the  sound  of 
his  voice? 

Now  have  someone  hold  a watch 
in  a corner  of  the  room.  Be  sure  that 
the  room  is  as  quiet  as  possible.  See 
how  far  you  can  get  from  the  watch 
and  still  hear  it  tick.  Then  have  the 
person  hold  the  watch  in  the  small 
end  of  the  megaphone.  How  far  away 
from  the  watch  can  you  hear  it  tick 
now? 

You  can  do  these  experiments  in 
just  the  opposite  way.  Listen  with  the 
megaphone  instead  of  sending  sound 
out  through  it.  Put  the  small  end  to 
your  ear.  Can  you  hear  someone 
speaking  softly  in  a corner  of  the 
room?  Can  you  hear  a watch  tick? 
Do  you  hear  better  with  the  mega- 
phone or  without  it? 

The  people  in  the  picture  on  page 
19  are  noticing  something  else  that 
is  interesting  about  sound  waves. 
While  they  are  talking,  their  voices 
come  back  to  them.  The  walls  of  rock 
echo  their  voices.  Have  you  ever 
called  to  someone  and  heard  your 
voice  come  back?  This  sometimes  hap- 
pens when  you  are  between  very  tall 
buildings,  among  hills,  or  in  a big, 
empty  room. 

The  sound  waves  of  your  voice 
travel  through  the  air,  strike  a sur- 
face, and  then  are  reflected.  Reflect 
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means  throw  back,  as  you  have  al- 
ready learned.  When  the  sound  waves 
of  your  voice  are  reflected,  they  travel 
back  through  the  air  to  you.  Then 
you  hear  them  as  an  echo  of  your 
voice. 

Sometimes  you  can  hear  many 
echoes  of  the  same  sound.  The  sound 
waves  keep  bouncing  back  and  forth 
between  the  surfaces  that  reflect 
them.  When  this  happens  in  a school 
auditorium,  a church,  or  a theater, 
you  cannot  hear  the  speaker  or  music 


clearly.  All  the  sounds  are  jumbled 
together. 

Several  things  can  be  done  to  get 
rid  of  these  echoes.  Scientists  have 
discovered  how  to  plan  rooms  so  that 
few  echoes  are  produced.  They  know 
how  to  use  special  materials  that  keep 
sounds  from  being  reflected.  Soft  cur- 
tains are  hung  over  smooth  walls,  and 
rough  plaster  is  put  on  the  ceiling. 
Materials  that  are  soft  or  rough  do  not 
reflect  sound  waves  well.  So  they  help 
prevent  echoes. 


1.  How  can  we  guide  sound  waves? 

2.  People  who  do  not  hear  well  often  put  their  hands  behind  their 

ears  as  they  listen.  How  does  this  help  them  hear  better? 

3.  How  is  an  echo  made? 

4.  Why  do  we  want  to  get  rid  of  echoes  in  our  buildings?  How  can 

we  do  this? 


sound  19 


Why  are  sounds  different? 


Have  you  ever  heard  an  orchestra 
tuning  up  before  it  begins  to 
play?  If  you  have,  you  heard  many 
different  sounds  all  at  one  time.  A vio- 
lin player  picks  a violin  string  with 
his  finger  and  listens  to  the  sound. 
Then  he  tightens  or  loosens  the  string 
and  picks  it  again.  The  string  now 
makes  a different  sound.  Another 
player  blows  on  a flute.  It  does  not 
sound  at  all  like  a violin. 

The  drums  make  a deep  boom,  and 
the  horns  have  a shrill  sound.  The 
bass-viol  player  draws  the  bow  over 
the  strings  of  his  instrument.  As  they 
vibrate,  they  make  low  sounds.  Each 
player  in  the  orchestra  is  getting  his 
instrument  in  tune,  or  he  is  “warming 
up”  his  instrument  so  that  it  will 
make  the  sounds  he  wants. 

When  the  orchestra  plays,  you  hear 
many  sounds.  The  violin  and  piccolo 
make  high  sounds.  The  drum  and  the 


bass  viol  make  low  sounds.  You  can 
find  out  why  some  of  these  sounds  are 
high  and  others  are  low.  Here  is  an 
experiment  that  will  help  you.  Get  a 
chalk  box  and  three  rubber  bands. 
The  rubber  bands  should  have  the 
same  length  but  different  widths. 
Stretch  the  rubber  bands  across  the 
open  side  of  the  box.  Pick  them  with 
your  fingers.  Do  they  all  make  the 
same  sound? 

Listen  carefully  to  the  sound  that 
the  widest  band  makes.  Then  listen 
to  the  sound  of  the  narrowest  one. 
Which  of  the  bands  makes  the  highest 
sound?  Which  one  makes  the  lowest? 
Which  one  vibrates  most  rapidly? 

If  you  did  the  experiment  carefully, 
you  found  that  the  narrowest  band 
made  the  highest  sound  and  the 
widest  band  made  the  lowest  sound. 
The  one  that  made  the  highest  sound 
vibrated  fastest.  The  one  that  made 
the  lowest  sound  vibrated  slowest. 
When  anything  vibrates  fast,  it  makes 
a high  sound.  The  wide  band  did  not 
vibrate  so  fast  as  the  narrower  bands. 

Have  you  ever  seen  the  strings  on 
a violin,  a harp,  a guitar,  or  a cello? 
The  thickest  strings  make  the  lowest 
sounds,  and  the  thinnest  strings  make 
the  highest  sounds.  If  you  have  a toy 
xylophone,  bring  it  to  school.  Which 
bars  make  the  high  sounds  when  you 
strike  them?  The  short  bars  are  thin. 
They  make  high  sounds  because  they 
vibrate  so  fast.  Which  bars  make  the 
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low  sounds?  The  long  bars  are  thick. 
They  make  low  sounds  because  they 
do  not  vibrate  so  fast. 

Now  try  another  experiment  with 
the  chalk  box  and  some  rubber  bands. 
This  time,  use  three  bands  that  all 
have  the  same  length  and  width. 
Stretch  them  across  the  chalk  box  as 
you  did  before.  But  stretch  the  sec- 
ond band  tighter  than  the  first  and 
then  stretch  the  third  band  tighter 
than  the  second.  Pick  them  with  your 
finger.  Which  one  makes  the  highest 
sound?  Which  one  makes  the  lowest 
sound? 

When  a string  is  stretched  tight,  it 
vibrates  faster.  So  a tightly  stretched 
string  makes  a high  sound.  Look  at 
the  picture  of  the  harp  on  the  next 


page.  Each  string  can  be  tightened  to 
make  a higher  sound  or  loosened  to 
make  a lower  sound.  And  each  string 
makes  a different  sound  from  all  the 
others.  Study  the  picture  to  see  if 
you  can  find  two  reasons  for  this. 

One  reason  is  that  some  of  the 
strings  are  thin  and  others  are  thick. 
If  you  look  carefully,  you  can  find 
the  other  reason.  Do  you  see  that 
some  strings  are  longer  than  others? 
Which  ones  are  longest,  the  thick 
strings  or  the  thin  ones? 

The  thickest  string  is  the  longest 
one  of  all.  The  thinnest  string  is  the 
shortest.  A short  string  vibrates  faster 
than  a long  string.  So  the  short  string 
will  make  a higher  sound  than  the 
long  one.  A short,  thin  string  will  vi- 
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brate  very  much  faster  than  a long, 
thick  string.  So  the  shortest,  thinnest 
string  on  the  harp  makes  the  highest 
sound. 

When  someone  is  playing  a harp, 
he  can  make  the  strings  shorter  by 
stepping  on  the  pedals.  Stepping 
down  on  a pedal  pulls  a string  tighter. 
So  it  gets  shorter  and  gives  a higher 
sound. 


As  boys  grow  up  to  be  men,  their 
voices  usually  change  from  high  to 
low.  This  happens  because  their  vocal 
cords  become  thicker.  You  know  that 
a thick  string  makes  a lower  sound 
than  a thin  one  does.  Girls  and  women 
have  thinner  vocal  cords.  So  their 
voices  are  higher. 

Besides  being  high  or  low,  sounds 
are  different  in  another  way.  They 
may  be  loud  or  soft.  Some  sounds  are 
so  soft  that  you  can  hardly  hear  them. 
Others  are  so  loud  that  they  hurt  your 
ears.  If  you  have  a toy  xylophone,  try 
this  experiment.  Strike  one  bar  lightly 
and  then  hit  it  hard.  Each  time,  you 
hear  the  same  sound.  But  the  sound 
is  much  louder  when  you  hit  the  bar 
hard.  The  same  thing  happens  if  you 
strike  a key  on  a piano  lightly  and 
then  hard. 

You  can  do  some  experiments  to 
find  out  why  some  sounds  are  louder 
than  others.  Do  the  experiment  with 
the  ruler  on  page  9 in  two  ways.  First, 
pull  the  ruler  down  just  a little  and 
let  it  go.  Notice  how  far  it  moves  up 
and  down.  Listen  to  the  sound.  Then 
pull  the  ruler  far  down  and  let  it  go. 
Watch  it  move  and  listen  to  the  sound. 
Did  you  see  that  it  moved  much  far- 
ther up  and  down  this  time?  Which 
sound  was  louder? 

Now  try  the  experiment  with  the 
piece  of  cork  and  the  tuning  fork  on 
page  11  in  two  ways.  First,  strike  the 
tuning  fork  lightly.  Notice  how  far 
the  cork  moves.  Listen  to  the  sound. 
Then  strike  the  tuning  fork  hard  and 
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listen  to  the  sound.  Did  the  cork  move 
farther  this  time?  Was  the  sound 
louder? 

The  cork  moved  farther  the  second 
time  because  it  was  hit  harder  by  the 
prong  of  the  tuning  fork.  The  prongs 
were  not  moving  faster,  but  they  were 
moving  farther  as  they  vibrated.  Hit- 
ting the  fork  hard  made  the  prongs 
move  farther  back  and  forth.  This 
made  the  prong  hit  the  cork  with 
more  force. 

The  farther  anything  moves  as  it 
vibrates,  the  harder  it  pushes  the  air, 
and  the  louder  the  sound  is.  Anything 
that  is  vibrating  makes  a soft  sound 
when  it  moves  only  a small  distance 
back  and  forth.  It  makes  a louder 
sound  when  it  moves  farther  back  and 
forth.  If  you  hit  a drum  hard,  the 
drumhead  goes  farther  in  and  then 
springs  back  farther.  So  the  sound  is 
loud. 

You  have  learned  what  makes 
sounds  loud  or  soft  and  high  or  low. 
You  can  make  your  voice  change  from 
high  to  low  and  from  loud  to  soft.  Do 
you  know  why  you  can  change  the 
sound  of  your  voice?  Look  at  the  pic- 


ture of  the  vocal  cords  on  page  12. 
These  two  cords  in  your  throat  vibrate 
and  make  sounds  when  air  from  your 
lungs  passes  between  them.  When  you 
are  not  using  your  voice,  your  vocal 
cords  are  wide  apart  and  loose.  Air 
from  your  lungs  goes  past  them  with- 
out making  a sound. 

When  you  talk  or  sing,  the  muscles 
in  your  voice  box  stretch  the  vocal 
cords.  As  they  are  stretched,  they  are 
pulled  closer  together.  Air  from  your 
lungs  passes  the  narrow  slit  between 
the  tightly  stretched  cords.  They  make 
a high  sound.  But  if  the  muscles  do 
not  stretch  them  so  tight,  the  cords 
make  a lower  sound.  Without  even 
thinking  about  it,  you  can  tighten  and 
loosen  your  vocal  cords  many  times 
every  minute  that  you  are  using  your 
voice. 

When  you  send  air  past  your  vocal 
cords  with  more  force,  you  make  your 
voice  louder.  The  cords  move  farther 
back  and  forth.  You  know  that  the 
farther  anything  vibrates,  the  louder 
the  sound  it  makes.  When  air  goes 
past  your  vocal  cords  with  less  force, 
your  voice  is  softer. 


1.  To  make  a high  sound,  which  of  these  would  you  use? 

Thick  string  Long  string  Tight  string 

Thin  string  Short  string  Loose  string 

2.  Which  makes  the  lower  sound,  a string  that  vibrates  fast  or  one 

that  vibrates  slowly? 

3.  If  you  wanted  to  make  a violin  string  give  a higher  sound,  would 

you  tighten  it  or  loosen  it? 

4.  How  can  you  change  your  voice  from  loud  to  soft? 
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How  do  musical  instruments  make  sounds? 


Can  you  name  the  instruments 
that  the  boys  and  girls  are  play- 
ing in  the  school  orchestra  in  the 
picture?  When  the  children  were 
learning  about  sound,  they  brought 
their  instruments  to  the  science  class. 
They  brought  a violin,  a cello,  a drum, 
a xylophone,  a flute,  a trombone,  a 
trumpet,  and  a saxophone.  Then  each 
child  showed  the  class  how  his  musi- 
cal instrument  made  sounds. 

You  probably  know  a few  things 
about  musical  instruments.  You  know 
that  some  part  of  each  instrument 
must  vibrate  to  make  a sound.  And 
you  also  know  that  these  instruments 
can  make  sounds  that  are  loud,  soft, 
high,  or  low. 


Jack  brought  his  violin  to  school 
and  told  the  class  about  it.  He  said, 
“My  violin  has  four  strings.  You 
can  see  that  they  are  not  all  alike. 
Some  of  them  are  thicker  than  others. 
The  thick  ones  make  the  low  sounds, 
and  the  thin  ones  make  the  high 
sounds.”  Jack  picked  the  strings  with 
his  finger  to  show  the  different 
sounds. 

Then  Jack  said,  “If  I want  to  make 
a higher  sound,  I shorten  the  string. 
I put  my  finger  on  part  of  the  string 
so  that  some  of  it  won’t  vibrate.  The 
part  of  the  string  that  I press  touches 
the  neck  of  the  violin.  Only  the  part 
between  my  finger  and  the  bridge 
of  the  violin  can  vibrate.  So  when  I 
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press  on  the  string,  I am  really  making 
the  string  shorter.  The  shorter  I make 
the  string,  the  higher  the  sound  it 
makes.  I can  make  the  sound  higher 
in  another  way,  too.  I can  stretch  the 
string  tighter  by  turning  one  of  these 
pegs  at  the  top.” 

Jack  showed  the  class  how  he  tight- 
ened the  string  to  make  the  sound 
higher  and  higher.  Then  he  loosened 
the  string  until  it  made  a low,  buzzing 
sound.  After  Jack  tuned  his  violin,  he 
drew  the  bow  across  the  strings  to 
make  them  vibrate.  Then  he  played  a 
tune.  As  he  drew  the  bow  back  and 
forth  across  the  strings,  he  shortened 
the  strings  with  his  fingers. 


Then  the  teacher  opened  the  piano 
so  that  the  children  could  see  the  in- 
side. They  discovered  that  each  key 
was  fastened  to  a little  hammer.  When 
a key  is  pushed  down,  the  hammer 
strikes  a wire  and  makes  it  vibrate. 
The  boys  and  girls  could  see  that 
some  of  the  wires  were  long  and  thick 
and  others  were  short  and  thin. 

If  the  hammer  strikes  the  longest 
and  thickest  wire,  do  you  think  it  will 
make  a low  sound  or  a high  sound? 
Strike  the  last  key  at  the  left  end  of 
the  piano.  This  makes  the  hammer 
strike  the  longest  and  thickest  wire. 
Now  strike  the  last  key  at  the  right 
end  of  the  piano.  How  is  the  sound 
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you  hear  different  from  the  first 
sound?  Look  at  the  wire  that  made 
the  second  sound.  It  is  the  shortest 
and  thinnest  wire  in  the  piano.  Prob- 
ably you  have  heard  a piano  tuner  at 
work.  He  tightens  and  loosens  the 
wires  to  make  sounds  a little  higher 
or  a little  lower. 

Jane  plays  the  xylophone  in  the 
school  orchestra.  She  showed  the  class 
how  she  strikes  the  wooden  bars  with 
wooden  hammers  to  make  the  differ- 
ent sounds.  Some  of  the  bars  are  long, 
and  some  are  short.  They  are  not  fas- 
tened tightly.  Do  you  know  why?  Can 
you  tell  why  drums,  triangles,  bells, 
and  cymbals  all  make  sounds  when 
they  are  struck?  Each  of  these  instru- 
ments makes  its  own  kind  of  sound. 


Here  is  a picture  of  Paul  with  his 
flute.  You  can  see  that  it  does  not  have 
strings.  And  you  know  that  you  do 
not  hit  it  to  make  a sound.  A flute  is 
a long,  slender  tube  with  holes  in  it. 
To  make  a sound,  you  blow  across  a 
hole  near  one  end.  This  makes  the  air 
in  the  tube  vibrate.  We  call  the  air 
in  the  tube  a column  of  air. 

The  other  holes  are  covered  with 
little  metal  covers  called  keys.  Paul 
can  make  different  sounds  on  the 
flute  by  opening  or  closing  these  keys. 
This  changes  the  length  of  the  col- 
umn of  air  in  the  tube.  When  Paul 
blows  on  the  flute  without  covering 
any  of  the  other  holes,  the  column 
of  air  is  shortest  and  the  sound  is 
highest.  He  makes  the  sounds  lower 
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by  covering  the  other  holes.  To  make 
the  lowest  sounds,  he  covers  all  the 
holes.  This  makes  the  longest  column 
of  air  and  the  lowest  sound. 

Joe  plays  the  saxophone  in  the  or- 
chestra. He  told  the  class  how  part  of 
the  saxophone  vibrates  when  he  plays. 
The  vibrating  part  is  called  a reed. 
Notice  the  reed  in  the  picture.  Joe  has 
taken  the  mouthpiece  off  the  saxo- 
phone. Then  he  has  taken  the  reed 
out  of  the  mouthpiece  to  show  it  to 
the  class. 

“This  reed  vibrates  when  I blow  on 
it,”  he  said.  “I  can  feel  it  quiver  with 
my  lips.  The  vibrating  reed  makes  the 
column  of  air  in  the  saxophone  vi- 


brate, too.  I can  change  the  sound 
from  high  to  low  or  from  low  to  high 
by  changing  the  length  of  the  column 
of  air.  I push  down  and  let  up  on 
these  keys  to  do  this.” 

An  experiment  will  show  you  how 
long  and  short  columns  of  air  make 
different  sounds.  Do  the  experiment 
carefully.  Get  eight  test  tubes  and  put 
different  amounts  of  water  into  them. 
If  you  cannot  get  test  tubes,  use 
small  bottles  that  have  the  same  size 
and  shape.  Blow  gently  over  the  top 
of  each  tube.  Do  they  make  different 
sounds?  Which  tube  or  bottle  makes 
the  lowest  sound?  Which  one  makes 
the  highest  sound? 


The  picture  on  the  left  shows  Jane  and  her  xylophone.  In  the  other  picture,  Joe  is 
showing  the  parts  of  his  saxophone. 
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Add  or  take  out  some  water  in  each 
tube  until  the  tubes  look  like  the  ones 
in  the  picture.  The  column  of  air  over 
the  water  will  be  different  in  each 
tube.  If  the  columns  of  air  have  just 
the  right  lengths,  you  can  make  the 
different  sounds  of  the  musical  scale. 
Try  to  play  a tune  with  the  tubes. 

The  test  tubes  in  the  picture  do  not 
all  have  the  same  amounts  of  air  in 
them.  The  tube  on  the  left  has  the 
longest  column  of  air.  It  makes  the 
lowest  sound.  The  tube  on  the  right 
has  the  shortest  column  of  air.  It 
makes  the  highest  sound. 

Now  you  can  understand  how  a 
flute  or  a saxophone  makes  different 
sounds.  When  the  column  of  air  is 
long,  the  instrument  makes  a low 
sound.  When  the  column  of  air  is 
short,  it  makes  a high  sound.  Closing 
the  holes  in  the  tube  makes  the  col- 
umn of  air  longer  and  the  sound 


lower.  Opening  the  holes  makes  the 
column  of  air  shorter  and  the  sound 
higher. 

In  an  orchestra,  there  are  several 
other  instruments  that  use  columns 
of  air  to  make  sounds.  The  trombone 
player  slides  part  of  his  instrument 
back  and  forth  to  make  the  column 
of  air  longer  or  shorter.  The  trumpet, 
the  cornet,  and  the  tuba  have  valves 
to  change  the  length  of  the  column 
of  air. 

You  cannot  play  any  one  of  these 
instruments  just  by  blowing  through 
it.  You  have  to  do  something  to  make 
the  column  of  air  vibrate.  If  you  ever 
tried  to  play  a trumpet  or  a bugle,  you 
soon  found  that  you  had  to  hold  your 
lips  just  right  to  make  a sound.  You 
must  hold  your  lips  tightly  against  the 
mouthpiece  and  press  them  together. 
When  air  comes  through  your  lips, 
they  vibrate.  Your  vibrating  lips  make 
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the  column  of  air  vibrate.  This  makes  they  vibrate.  Then  the  column  of  air 
the  sound.  By  making  your  lips  tight  vibrates  differently,  and  the  instru- 
or  loose,  you  can  change  the  way  that  ment  makes  different  sounds. 


1.  Name  five  musical  instruments  that  make  sounds  with  vibrating 

strings. 

2.  Explain  how  a piano  makes  high  sounds  and  low  sounds. 

3.  What  three  things  did  Jack  know  that  helped  him  explain  how 

his  violin  made  different  sounds? 

4.  Could  Jane  play  a tune  on  her  xylophone  if  all  the  bars  had  the 

same  length  and  thickness?  Why? 

5.  What  two  ways  does  a trumpet  player  use  to  make  different 

sounds? 

6.  Could  you  play  a saxophone  that  had  no  reed?  Why? 


How  do  you  hear  sounds? 


Your  ears  catch  many  different 
Sounds.  You  hear  voices,  whistles, 
bells,  musical  instruments,  automo- 
biles, and  many  other  things.  Your 
ears  are  partly  outside  your  head  and 
partly  inside.  The  outside  part  is 
shaped  so  that  it  acts  like  a funnel  to 
catch  sound  waves.  Have  you  ever  no- 
ticed how  dogs,  horses,  and  rabbits 
hold  their  ears  up  to  catch  sound 
waves  better?  Cup  your  hand  and 
hold  it  behind  your  ear.  How  does 
this  help  catch  sound  waves  better? 

Inside  your  ear  is  a piece  of  very 
thin  skin.  It  is  at  the  end  of  the  open- 
ing that  goes  into  your  head.  This 
piece  of  skin  is  stretched  over  the 
opening  like  the  head  on  a drum.  As 
you  know,  we  call  this  piece  of  skin 
the  eardrum.  Behind  the  eardrum, 
there  are  three  tiny  bones.  They  are 
fastened  together  in  such  a way  that 


they  can  move.  The  end  of  one  bone 
is  attached  to  the  eardrum. 

The  outside  part  of  your  ear  catches 
sound  waves.  These  waves  go  inside 
your  ear,  where  they  strike  the  ear- 
drum and  make  it  vibrate.  It  vibrates 
just  as  fast  or  as  slowly  as  the  thing 
that  made  the  sound.  Every  time  the 
eardrum  vibrates,  the  tiny  bones  vi- 
brate, too.  They  vibrate  just  as  the 
eardrum  does.  The  vibrating  bones 
make  other  parts  inside  your  ear  vi- 
brate. Nerves  carry  a message  from 
these  vibrating  parts  to  your  brain, 
and  you  hear.  The  parts  inside  your 
ear  all  work  together  with  your  brain 
so  that  you  hear  sounds  and  under- 
stand what  they  mean. 

How  can  you  tell  where  a sound 
comes  from?  Try  this  easy  experi- 
ment. Have  three  or  four  boys  and 
girls  stand  in  different  parts  of  the 
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room  and  make  sounds.  Close  your 
eyes  and  listen.  Can  you  tell  where 
the  sounds  are  coming  from?  Without 
seeing,  you  can  often  tell  who  or  what 
is  making  a sound.  Your  ears  and 
your  brain  work  together  to  help  you 
tell  what  kind  of  sound  you  are  hear- 
ing and  where  it  is  coming  from. 

You  know  that  you  should  take 
good  care  of  your  ears.  Here  are  some 
rules  that  will  help  you  if  you  will 
remember  to  follow  them. 

Safety  rules  for  the  care  of  your  ears 

1.  Never  put  anything  sharp  or  pointed  into  your  ears.  It  may  break 

the  eardrums. 

2.  Never  use  anything  sharper  than  your  finger  wrapped  in  a wash- 

cloth for  cleaning  your  ears. 

3.  Never  let  anyone  shout  or  blow  into  your  ears.  Shouting  or  blow- 

ing may  injure  the  eardrums. 

4.  Never  let  anyone  hit  you  on  your  ears.  Hitting  your  ears  may 

break  your  eardrums. 

5.  Do  not  blow  your  nose  too  hard  when  you  have  a cold.  You  may 

force  germs  into  your  ears. 

6.  Swim  only  in  water  that  you  know  is  clean  enough  for  swimming. 

Water  that  is  not  clean  may  carry  germs  into  your  ears. 

7.  Be  careful  not  to  put  sand  or  dirt  into  your  ears. 

8.  See  a doctor  if  there  is  anything  wrong  with  your  ears. 


1.  How  does  the  shape  of  the  outside  part  of  your  ear  help  you  hear? 

2.  Why  is  eardrum  a good  name  for  that  part  of  your  ear? 

3.  If  you  could  not  hear  clearly  what  people  are  saying,  which  of 

these  would  you  do?  Why? 
a)  Ask  people  to  speak  louder, 
h ) Go  closer  to  people  who  are  speaking, 
c ) Have  a doctor  look  at  your  ears. 

4.  Soldiers  who  shoot  hig  guns  usually  put  cotton  into  their  ears. 

Why  do  you  think  that  they  do  this? 
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QUESTIONS  TO  ANSWER 


1.  Make  a list  of  some  of  the  differ- 
ent sounds  you  heard  today.  For  as 
many  of  these  sounds  as  you  can,  tell 
what  vibrated  to  make  the  sound. 

2.  Can  sounds  travel  around  cor- 
ners? How  could  you  do  an  experi- 
ment to  help  you  find  out? 

3.  Why  do  we  not  hear  a sound 
unless  something  is  vibrating? 

4.  Why  does  a bell  make  the  same 
sound  every  time  you  ring  it? 

— — — — — — THINGS 

1.  Get  some  crickets,  katydids,  or 
other  insects  that  make  sounds.  Try 
to  find  out  how  each  one  makes  a 
sound. 

2.  If  you  have  an  old  mouth  organ, 
or  harmonica,  take  off  the  cover  and 
play  the  instrument.  Which  parts 
make  the  high  sounds?  Which  ones 
make  the  low  sounds? 

3.  Say  the  alphabet  and  try  to  tell 
which  letters  are  made  with  the  lips 
and  tongue. 

4.  Make  a box  harp  by  stretching 
rubber  bands  of  different  widths  across  . 
the  open  side  of  a box.  Stretch  some 
of  the  bands  tighter  than  others. 

5.  Play  a Sound  Game.  Have  two 
or  three  boys  and  girls  take  different 
sound  makers  behind  a screen.  Have 
the  other  children  try  to  tell  what  is 
making  each  sound. 

6.  Make  whistles  and  flutes  out  of 
dried  weed  stems,  cornstalks,  or  wil- 
low branches. 


5.  Bob  set  his  radio  on  a table  that 
had  a metal  top.  Whenever  the  radio 
was  turned  on,  a harsh  sound  came 
from  the  metal  top.  Why  did  the  table 
top  make  the  sound?  What  could  Bob 
do  to  stop  it? 

6.  If  you  drive  a pin  into  a block 
of  wood  and  pick  it  with  another  pin, 
it  will  make  a sound.  How  could  you 
drive  eight  pins  into  the  block  so  that 
each  would  make  a different  sound? 

TO  DO — 

7.  Use  four  flowerpots  of  different 
sizes  to  make  a set  of  chimes.  Put 
small  ropes  through  the  holes  in  the 
bottoms.  Knot  the  rope  inside  and 
hang  each  pot  separately.  Strike  the 
flowerpots  with  a wooden  hammer. 

8.  Make  musical  glasses  by  putting 
different  amounts  of  water  into  them. 
Use  six  or  eight  glasses.  Fill  the  first 
one  full  and  leave  the  last  one  empty. 
Tap  the  glasses  with  a spoon.  Which 
one  makes  the  lowest  sound?  Which 
one  makes  the  highest  sound? 

9.  Make  a toy  telephone  with  two 
tin  cans  and  several  yards  of  string. 
Punch  a hole  in  the  bottom  of  each 
can.  Put  one  end  of  the  string  through 
the  hole  and  tie  a knot  so  that  the 
string  will  not  slip  out.  Stretch  the 
string  until  it  is  tight.  Talk  into  one 
can  while  someone  listens  with  the 
other  one. 

10.  Find  out  why  a giraffe  cannot 
make  sounds. 
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* In  Unit  Two  You  Will  Learn  * 

* What  we  mean  by  weather  * Why  the  air  gets  warmer  or  cooler  * 
* What  makes  the  wind  blow  * Why  the  sky  is  clear  or  cloudy  * 
* How  the  water  comes  out  oj  the  air  * 

* What  the  weatherman  does  * How  weather  forecasts  help  us  * 


Why  Does  the  Weather  Change? 


Jack  frowned  as  he  turned  away 
from  the  window. 

“What’s  the  matter,  son?”  asked  his 
father. 

“Well,”  Jack  answered,  “last  Sat- 
urday Bill  and  I planned  to  eat  our 
lunch  in  the  woods.  But  it  rained  all 
day.  Unless  the  weather  changes,  we 
can’t  go  tomorrow,  either.” 

“Don’t  worry,  Jack,”  his  mother 
called  from  the  kitchen.  “The  man  on 
the  radio  just  said  it’s  going  to  be 
warm  and  sunny  tomorrow.” 

“That’s  right,”  added  his  father. 
*‘The  evening  newspaper  says  the 
weather  will  be  fair  and  warmer.” 
Probably  you  have  often  wondered 
what  the  weather  was  going  to  be. 
Sometimes  you  wanted  the  weather 
to  change.  And  other  times  you 
wanted  it  to  stay  the  same.  If  the 
weather  was  bad,  you  had  to  change 
your  plans.  Perhaps  rain  kept  you 
from  playing  outdoors.  Or  sudden 
warm  weather  melted  the  ice  on  a 
pond,  and  you  could  not  go  skating. 


Or  you  could  not  go  swimming  be- 
cause the  weather  turned  colder. 

We  often  wish  that  we  could  have 
just  the  kind  of  weather  we  want. 
But  no  one  has  ever  been  able  to  con- 
trol the  weather.  Someone  once  said 
jokingly,  “Everybody  talks  about  the 
weather,  but  nobody  does  anything 
about  it.”  Of  course,  no  one  can 
change  the  weather.  But  scientists 
can  do  something  that  helps  us  very 
much.  They  can  tell  us  what  the 
weather  is  likely  to  be. 

For  many  years  scientists  have 
studied  the  weather,  and  they  know 
why  it  changes.  They  can  tell  us  when 
it  is  going  to  change.  And  they  can 
also  tell  us  the  kind  of  weather  that 
is  probably  coming.  Then  we  can 
make  our  plans  to  fit  the  weather. 

As  you  study  this  unit,  you  will 
learn  some  of  the  things  scientists 
have  found  out  about  the  weather. 
You  will  also  learn  how  they  use 
what  they  have  discovered.  But  first 
of  all,  let  us  find  out  what  weather  is. 
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What  do  we  mean  by  weather? 


Suppose  someone  in  another  town 
called  you  up  on  the  telephone 
and  asked  about  the  weather  where 
you  live.  Perhaps  you  would  answer, 
“It  is  cloudy  and  cold.  It  is  raining. 
A strong  north  wind  is  blowing.”  Or 
you  might  say,  “The  sky  is  clear.  It  is 
hot  and  dry.  There  is  hardly  any 
wind.” 

What  are  you  telling  about  when 
you  describe  the  weather?  Here  is  a 
good  way  to  find  out.  Have  some  mem- 
bers of  your  class  cut  out  weather  re- 
ports in  the  newspapers.  Have  other 
members  write  down  weather  reports 
they  hear  on  the  radio.  Bring  all  the 
reports  to  class.  Then  make  a list  of 
all  the  words  used  in  these  reports  to 
describe  the  weather.  Write  the  words 
on  the  blackboard.  Here  are  some  of 
the  words  in  a list  that  one  class  made. 


Clear 

Warmer 

Gentle  winds 

Rain 

Cloudy 

Cooler 

Fair 

Hot 


Strong  winds 

Mild 

Showers 

Partly  cloudy 

Snow 

Cold 

Fog 

Frost 


Now  look  at  the  words  in  the  list 
you  made  or  in  the  list  on  this  page. 
You  can  see  that  the  words  tell  things 
about  the  air.  So  the  air  must  have 
something  to  do  with  the  weather. 
When  we  use  words  such  as  clear, 
cloudy,  hot,  and  cold,  what  is  it  that 
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is  clear  or  cloudy,  hot  or  cold?  It  is 
the  air.  When  we  tell  about  the  con- 
dition of  the  air,  we  describe  the 
weather.  We  often  say  the  sky  is  clear 
or  the  sky  is  cloudy.  But  we  are  really 
talking  about  the  air  that  is  above  the 
earth.  For  weather  is  the  condition 
of  the  air  around  the  earth. 

If  you  want  to  describe  the  weather, 
there  are  several  things  you  do.  You 
look  at  the  sky  to  see  if  it  is  clear  or 
cloudy.  You  find  out  what  the  tem- 
perature of  the  air  is.  Is  it  hot,  cold, 
or  mild?  You  notice  whether  any 
moisture  is  falling.  Is  there  rain, 
snow,  fog,  or  frost?  You  also  notice 
whether  there  is  any  wind.  Is  it  strong 
or  gentle?  Then  you  find  out  from 
what  direction  the  wind  is  blowing. 
If  it  blows  from  the  south,  we  call 
it  a south  wind.  If  it  blows  from  the 
north,  we  call  it  a north  wind,  and  so 
on.  When  you  put  all  the  things  you 
have  found  out  together,  you  can  de- 
scribe the  weather.  What  kinds  of 
weather  do  the  pictures  on  these 
pages  show? 

Of  course,  what  you  say  about  the 
weather  today  will  probably  not  be 
true  tomorrow.  It  may  not  even  be 
true  a few  hours  after  you  say  it! 
Sometimes  we  say  that  a person  is  as 
changeable  as  the  weather.  We  mean 
that  you  can  never  tell  what  the  per- 
son will  do.  He  may  change  his  mind 
suddenly  and  often.  The  weather 
changes  suddenly  and  often,  too.  It 
may  change  several  times  in  one  week 
or  even  in  one  day. 
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Keep  a record  of  the  weather  for 
several  weeks,  and  you  can  see  how 
often  the  weather  changes.  On  the 
blackboard  make  a big  chart  like  the 
one  on  this  page.  You  will  probably 
find  that  clear  weather  changes  to 
cloudy  weather  and  then  back  again 


to  clear  weather.  There  will  be  warm 
days  and  cool  days.  Some  days  will  be 
wet,  and  others  will  be  dry.  You  will 
notice  that  the  strength  and  direction 
of  the  wind  change,  too.  These  changes 
are  all  changes  in  the  air,  and  they 
make  the  different  kinds  of  weather. 


WEATHER  CHART 


DATE 

CONDITION 
OF  THE 
SKY 

TEMPERATURE 
OF  THE  AIR 
AT  10  A.M. 

MOISTURE 

FALL 

STRENGTH  AND 
DIRECTION  OF 
THE  WIND 

Oct.  20 

Cloudy 

62  degrees 

Rain 

Strong  northwest 

Oct.  21 

Clear 

54  degrees 

None 

Gentle  southwest 

1.  Describe  the  weather  today.  Use  words  like  those  in  the  list  you 

made  or  in  the  list  on  page  34. 

2.  What  changes  have  there  been  in  the  weather  since  a week  ago? 

3.  If  the  air  always  stayed  the  same,  would  the  weather  change? 

Why? 

4.  A boy  described  the  weather  one  day  as  “ cold  and  windy  Did  he 

describe  the  weather  well?  Explain  your  answer. 


Why  does  the  air  get  warmer  or  cooler? 


A weather  chart  such  as  the  one 
above  shows  you  how  much  the 
temperature  of  the  air  changes  from 
day  to  day.  But  a record  of  the  tem- 
perature as  it  changes  during  each 
day  will  probably  surprise  you  even 
more.  Take  the  temperature  of  the 
air  three  times  a day— in  the  morning, 
at  noon,  and  in  the  late  afternoon. 


If  you  live  in  a city,  the  newspapers 
probably  give  a weather  report  at  dif- 
ferent times  of  the  day.  You  can  get 
the  high  and  low  temperatures  for 
each  day  from  the  weather  report. 
Keep  a record  of  the  temperatures 
each  day  for  at  least  a week.  You  may 
find  that  the  temperature  changes 
more  than  20  degrees  in  just  one  day! 
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But  why  does  the  »air  get  warmer 
or  cooler?  Before  you  can  answer  this 
question,  you  must  learn  how  the  sun 
warms  the  earth’s  surface  and  the  air 
around  the  earth.  You  can  do  an  ex- 
periment that  will  help  you  find  out. 
Remember  that  you  are  trying  to 
discover  how  the  sun  warms  the  air. 

Get  two  small  glass  jars  that  are 
just  alike.  Make  one  of  them  black. 
You  can  do  this  by  holding  the  jar  in 
a candle  flame,  or  you  can  use  black 
paint.  Be  sure  that  the  paint  is  dull 
so  that  the  black  jar  will  not  be  shiny. 
Now  fill  both  jars  with  water.  With 
a thermometer,  take  the  temperature 
of  the  water  in  each  jar.  It  must  be 
just  the  same  in  both  jars.  Then  set  the 
jars  side  by  side  in  the  sunlight.  After 
an  hour,  take  the  temperature  of  the 
water  in  each  jar  again.  In  which  jar 
is  the  water  warmer? 

You  found  that  the  water  in  the 
blackened  glass  jar  became  warmer 
than  the  water  in  the  clear  glass  jar. 
Why  did  this  happen?  Both  jars  were 
in  the  sunlight.  And  both  jars  got  the 
same  amount  of  energy  from  the  sun. 
When  the  sun’s  rays  struck  the  black- 
ened glass  jar,  they  could  not  go 
through  the  blackened  glass.  Most  of 
the  energy  in  these  rays  was  changed 
to  heat.  This  made  the  glass  warmer. 
The  warm  glass  made  the  water  in 
the  glass  jar  warmer,  too.  But  when 
the  sun’s  rays  struck  the  clear  glass 
jar,  they  passed  right  through  the 
glass  and  the  water.  Very  little  of  the 
energy  in  the  rays  was  changed  to 


heat.  So  the  water  in  the  clear  glass 
jar  stayed  about  as  cool  as  it  was  when 
you  put  it  into  the  jar. 

This  experiment  helps  you  see  how 
the  sun’s  rays  heat  different  kinds  of 
materials.  When  the  sun’s  rays  pass 
through  a clear  material,  such  as  air, 
water,  or  clear  glass,  the  material  is 
heated  very  little.  But  when  the  sun’s 
rays  strike  a material  they  cannot  pass 
through  easily,  the  material  is  heated 
much  more.  The  energy  in  the  sun’s 
rays  is  changed  to  heat  when  the  rays 
strike  materials  through  which  they 
cannot  pass. 

If  the  sun  is  shining  through  your 
window  now,  stand  in  the  sun’s  rays 
for  a few  minutes.  Do  you  get 
warmer?  Now  feel  the  window  glass. 
Did  the  sun’s  rays  warm  the  glass? 
Feel  the  window  sill.  Is  it  warmer 
than  the  window  glass?  From  what 
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you  have  just  learned,  you  should  be 
able  to  explain  why  you  got  warmer 
but  the  glass  did  not.  When  the  sun’s 
rays  pass  through  the  air,  they  heat  it 
even  less  than  they  heat  the  glass.  On 
a hot  day,  you  probably  have  noticed 
that  the  sidewalks  and  the  streets  are 
much  hotter  than  the  air. 

You  know  that  the  sun’s  rays  do 
not  heat  the  air  very  much  as  they 
pass  through  it.  But  when  the  sun’s 
rays  strike  the  earth’s  surface,  most 
of  the  energy  in  the  rays  is  changed 
to  heat.  The  soil,  the  rocks,  and  the 
water  are  heated  much  more  than  the 
air.  Then  the  warm  soil,  the  warm 
rocks,  and  the  warm  water  give  some 
of  their  heat  to  the  air  above  them. 
The  more  heat  the  earth’s  surface  gets 
from  the  sun,  the  warmer  the  air 
above  the  surface  will  be.  Now  you 
can  see  how  the  air  is  warmed. 

But  why  does  the  temperature  of 
the  air  change  from  time  to  time?  Of 


course,  you  know  that  the  earth’s  sur- 
face is  heated  only  when  the  sun 
shines  on  it.  So  the  air  is  usually 
warmer  in  the  daytime  than  at  night. 
As  the  earth  turns  around,  only  half 
of  its  surface  is  toward  the  sun  at  one 
time.  During  the  daytime,  the  place 
where  you  live  is  on  the  side  of  the 
earth  that  is  toward  the  sun.  It  is 
heated  by  the  sun’s  rays.  But  at  night, 
this  side  of  the  earth  is  away  from  the 
sun.  It  gets  no  heat  from  the  sun.  It 
loses  heat,  and  the  air  gets  cooler. 

The  air  is  warmer  in  summer  than 
it  is  in  winter.  One  reason  for  this  is 
that  there  are  more  hours  of  daylight 
in  summer  than  hours  of  darkness. 
The  sun  shines  longer  on  our  part  of 
the  earth,  and  the  air  is  warmed  more. 
In  winter,  we  have  more  hours  of 
darkness  than  we  have  hours  of  day- 
light. The  sun  shines  less  on  our  part 
of  the  earth,  and  the  air  is  not  warmed 
so  much. 


The  yellow  lines  are  sun’s  rays.  The  red  lines  show  heat.  Explain  how  the  sun’s  rays 
can  warm  the  greenhouse. 
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A change  that  takes  place  in  the  sky 
may  also  change  the  temperature  of 
the  air.  On  a hot  summer  day,  you 
have  probably  wished  that  it  would 
get  cloudy  so  that  you  would  not  be 
so  warm.  Or  on  a cold  winter  day,  you 
may  have  wished  for  a clear  sky  so 
that  you  would  not  be  so  cool.  Clouds 
shade  the  earth  just  as  a tree  shades 
us.  When  clouds  come  between  the 
sun  and  the  earth,  they  keep  some  of 
the  sun’s  heat  away  from  the  earth. 

The  air  is  also  warmer  in  some 
places  on  the  earth  than  it  is  in  others. 
It  is  warmest  over  the  places  where 
the  earth’s  surface  is  warmest.  In  the 
daytime,  the  air  over  land  is  warmer 
than  the  air  over  water.  The  sun’s 
rays  do  not  warm  the  water  so  much 
as  they  do  the  land.  But  land  cools  off 
faster  than  water.  So  at  night,  the  air 
over  water  is  often  warmer  than  the 
air  over  land  along  the  shore.  The  air 
above  a forest  is  often  cooler  than  the 
air  above  the  land  near  a forest. 


You  know  that  some  parts  of  the 
earth  are  always  hotter  than  others. 
And  some  parts  are  always  colder  than 
others.  If  you  travel  south  from  where 
you  live,  you  are  usually  going  toward 
a warmer  place.  And  if  you  travel 
north,  you  are  usually  going  toward 
a cooler  place.  A wind  that  blows  from 
the  south  is  usually  warm.  A wind 
that  blows  from  the  north  is  usually 
cool.  The  direction  from  which  the 
wind  blows  makes  a difference  in  the 
temperature  of  the  air. 

When  the  wind  changes  its  direc- 
tion, the  temperature  of  the  air  usu- 
ally changes,  too.  If  you  live  near  a 
big  lake  or  the  ocean,  the  water  may 
help  change  the  temperature  of  the 
air  over  the  land.  In  the  daytime,  the 
water  is  usually  cooler  than  the  land. 
If  the  wind  blows  from  the  water  to 
the  land,  the  temperature  of  the  air 
over  the  land  may  get  cooler  on  a 
sunny  day.  So  the  ocean  or  lake  may 
help  keep  you  cool  on  a hot  day. 


1.  What  kinds  of  materials  are  warmed  most  by  the  sun?  What  kinds 

are  warmed  least? 

2.  Make  a list  of  the  things  that  you  think  the  sun  heats  very  much. 

Make  another  list  of  things  that  you  think  it  heats  very  little. 

3.  How  is  the  air  around  the  earth  warmed? 

4.  During  an  entire  day  of  twenty-four  hours , what  changes  in  the 

temperature  of  the  air  usually  take  place? 

5.  When  the  sun  shines , is  the  air  warmer  over  water  or  over  land 

along  the  shore?  Explain  your  answer. 

6.  Why  does  the  air  sometimes  get  cooler  during  the  daytime? 

7.  Give  as  many  reasons  as  you  can  to  explain  why  the  temperature 

of  the  air  changes. 
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This  picture  was  taken  during  a hurricane.  The  wind  is  bending  the  trees  and  sending 
high  waves  up  onto  the  shore.  What  does  this  tell  you  about  the  wind? 


What  makes  the  wind  blow? 


One  autumn  day,  Bill  was  raking 
up  leaves  in  his  yard.  “This  is  a 
good  day  to  do  this,”  he  thought  as  he 
raked  the  leaves  into  piles.  “There 
isn’t  any  wind.” 

Just  then,  a sudden  puff  of  wind  hit 
the  piles  of  leaves.  Another  puff  came 
and  then  another.  Soon  the  leaves 
were  all  over  the  yard  again. 

“You  might  as  well  stop  raking,” 
his  mother  called  from  the  house.  “If 
this  wind  keeps  on  blowing,  it  won’t 
be  safe  to  burn  the  leaves.  They  might 
set  fire  to  something  else.” 

Wind  is  just  moving  air.  When  air 
or  anything  else  moves,  a force  makes 
it  move.  If  you  pick  up  a book,  the 
force  of  your  muscles  moves  the  book. 


The  force  of  exploding  gas  moves  an 
automobile,  and  the  force  of  expand- 
ing steam  moves  a steam  engine.  The 
force  that  makes  air  move  is  the  great- 
est force  in  the  world.  Do  you  know 
what  it  is? 

A basketball  or  a volleyball  filled 
with  air  weighs  more  than  it  does 
with  all  the  air  let  out.  So  does  a bi- 
cycle tire  or  an  automobile  tire.  Air  is 
a material,  and  like  all  materials  air 
has  weight.  Air  weighs  more  than  you 
may  think.  If  you  could  put  a block 
of  air  three  feet  long,  two  feet  wide, 
and  two  feet  high  on  the  scales,  it 
would  weigh  about  one  pound.  The 
air  in  your  schoolroom  probably 
weighs  more  than  1000  pounds! 
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When  we  weigh  anything,  we  are 
really  measuring  the  pull  of  gravity 
on  it.  Gravity  is  the  greatest  force  in 
the  world.  It  pulls  down  on  you  and 
on  everything  else.  Suppose  your 
weight  is  75  pounds.  That  means  grav- 
ity pulls  down  on  you  with  75  pounds 
of  force.  Air  has  weight,  too,  because 
the  force  of  gravity  pulls  down  on  it. 

You  can  do  an  experiment  to  see 
how  the  force  of  gravity  makes  the 
air  move.  Tie  some  strips  of  paper  or 
cloth  to  the  end  of  a window  pole. 
Open  one  of  the  windows  in  your 
schoolroom  at  both  the  top  and  the 
bottom.  Hold  the  strips  near  the  top 
opening  of  the  window.  Does  the  air 
move  in  or  out?  How  do  you  know? 
Now  hold  the  strips  near  the  bottom 
opening.  Which  way  does  the  air  move 
this  time? 

By  watching  the  strips,  you  could 
tell  which  way  the  air  moved.  It  went 
out  at  the  top  of  the  window,  and  it 
came  in  at  the  bottom  of  the  window. 
If  you  remember  what  you  learned 
about  gravity  and  heat,  you  can  ex- 
plain why  the  air  moved  as  it  did. 

Air  expands  when  it  is  heated.  And 
air  contracts  when  it  is  cooled.  When 
air  expands,  it  gets  lighter.  When  air 
contracts,  it  gets  heavier.  What  will 
happen  if  air  is  cool  at  one  place  and 
warm  at  another  place?  Look  at  the 
picture  on  this  page.  Gravity  pulls 
down  with  more  force  on  the  cooler, 
heavier  air  than  it  does  on  the 
warmer,  lighter  air.  The  cool  air 
sinks  and  pushes  the  warm  air  up. 


The  air  outdoors  is  cooler  than  the 
air  in  your  schoolroom.  Cool  air  comes 
in  at  the  bottom  opening  of  the  win- 
dow. This  cool  air  pushes  the  warm 
air  in  the  room  up  and  out  at  the  top 
opening  of  the  window.  When  air  is 
cool  at  one  place  and  warm  at  another 
place,  the  cool  air  pushes  the  warm 
air  up.  Gravity  is  the  force  that  makes 
the  air  move. 

The  air  is  always  warmer  at  some 
places  on  earth  than  it  is  at  other 
places.  You  know  that  the  tempera- 
ture of  the  air  where  you  live  changes 
from  day  to  day.  And  it  usually 
changes  during  the  day,  too.  You  can 
use  what  you  know  to  explain  why 
the  wind  blows. 


WEATHER  41 


Suppose  that  you  are  standing  high 
up  on  the  side  of  the  mountain  in  the 
picture  on  this  page.  Below  is  a big 
valley.  In  one  part  of  the  valley,  there 
are  meadows  and  fields.  In  another 
part,  there  are  forests  and  a big  lake. 
Imagine  that  you  can  see  all  of  the 
air  in  the  valley.  It  is  early  in  the 
morning.  The  air  is  cool  and  still.  But 
soon  the  air  is  going  to  move  and 
make  a wind.  Watch  and  see  what 
makes  the  wind  blow. 

The  sun  slowly  comes  up  and  shines 
on  all  parts  of  the  valley.  Its  rays 
strike  the  soil  and  grass  in  the  fields 
and  meadows.  Most  of  the  energy  in 
the  rays  is  changed  to  heat.  The  soil 
and  grass  become  warm.  They  give 
some  of  their  heat  to  the  air  above 
them.  As  the  air  is  warmed,  it  ex- 
pands and  gets  lighter. 


The  sun’s  rays  also  strike  the  for- 
ests and  the  lake.  But  they  are  not 
warmed  so  much  as  the  meadows  and 
fields.  So  the  air  above  the  forests 
and  the  lake  is  cooler  than  the  air 
above  the  fields  and  meadows.  This 
cooler  air  is  heavier  than  the  warmer 
air  in  other  parts  of  the  valley. 

The  heavier,  cooler  air  pushes  out 
against  the  lighter,  warmer  air.  And 
the  warmer  air  is  forced  up.  Now  the 
air  is  moving  in  the  valley— down,  out, 
and  up.  A wind  is  blowing  along  the 
ground.  It  blows  from  where  the  air 
is  cooler  and  heavier  to  where  the  air 
is  warmer  and  lighter. 

Winds  blow  because  different  places 
on  the  earth’s  surface  are  heated  to 
different  temperatures.  Gravity  pulls 
with  more  force  on  cooler  air.  The 
cooler  air  pushes  against  the  warmer 
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air  and  makes  it  move.  This  causes  a 
wind. 

If  there  is  only  a little  difference 
in  temperature  between  two  nearby 


places,  the  air  moves  slowly.  So  the 
wind  is  gentle.  But  if  there  is  a big 
difference  in  temperature,  the  air 
moves  faster.  Then  the  wind  is  strong. 


1.  Which  of  these  statements  explain  why  the  wind  blows? 

a ) Gravity  is  the  greatest  force  in  the  world. 

b ) Cool  air  is  heavier  than  the  same  amount  of  warm  air. 

c)  Cool  air  moves  faster  than  the  same  amount  of  warm  air. 

d)  Warm  air  is  hotter  than  cool  air. 

e)  Different  places  on  the  earth  have  different  temperatures. 

2.  What  makes  the  wind  blow  hard? 

3.  Near  a big  lake  or  the  ocean  the  wind  often  blows  from  the  water 

to  the  land  in  the  daytime,  but  it  blows  from  the  land  to  the 
water  at  night.  Why  does  this  happen? 

4.  A forest  fire  often  starts  a wind  that  helps  spread  the  fire.  How 


is  this  wind  started? 

Why  is  the  sky 

Every  morning  when  you  get  up, 
there  is  something  you  can  easily 
notice  about  the  weather.  You  may 
not  know  if  it  is  warm  or  cool  until 
you  go  outdoors.  You  probably  can- 
not tell  if  the  wind  is  blowing  unless 
you  hear  it  or  see  the  trees  move.  But 
as  you  look  out  of  your  window,  you 
can  quickly  see  the  condition  of  the 
sky. 

Some  days  it  is  sunny  and  bright. 
The  sky  is  clear,  or  there  are  only  a 
few  little  clouds.  Some  days  it  is  dark 
and  gloomy.  Big  clouds  hide  the  sun, 
and  they  shade  the  earth  from  its  rays. 
Then  other  days  the  sunshine  comes 
and  goes  as  the  clouds  pass  by.  Is  the 
sky  clear  or  cloudy  today? 


clear  or  cloudy? 

The  condition  of  the  sky  changes 
from  day  to  day.  It  often  changes  dur- 
ing the  day,  too.  In  the  morning,  the 
sky  may  be  clear.  But  after  a time, 
clouds  begin  to  gather.  Or  the  day 
may  start  with  clouds  covering  the 
sky.  Then  in  a few  hours,  the  sun 
comes  out.  Before  long,  the  sky  is 
clear. 

You  have  seen  the  condition  of  the 
sky  change  many  times.  But  do  you 
know  why  the  sky  is  sometimes  clear 
and  why  it  is  sometimes  cloudy?  Be- 
fore you  can  answer  these  questions, 
you  must  first  find  out  how  a cloud 
is  made. 

An  airplane  often  flies  through  a 
cloud.  And  people  sometimes  pass 
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A thick  jog  almost  hides  the  lighthouse  in  the  picture  on  the  left.  The  other  picture 
shows  water  that  has  come  from  the  surface  of  the  lake  and  condensed  to  form  a mist. 
Why  do  you  often  see  mist  over  lakes  and  streams  early  in  the  morning? 


through  clouds  as  they  climb  a high 
mountain.  If  you  have  ever  gone 
through  a fog,  you  have  passed 
through  a cloud,  too.  A fog  is  just  a 
cloud  that  is  near  the  earth’s  surface. 
Sometimes  it  is  so  thick  that  you  can- 
not see  through  it.  You  know  that  fog 
feels  wet.  It  is  made  of  very  tiny 
drops  of  water  floating  in  the  air. 

Do  you  know  how  this  water  gets 
into  the  air?  If  you  put  some  water  in 
an  open  dish  or  pan,  the  water  soon 
disappears.  Wet  clothes  become  dry 
when  they  are  hung  on  a line.  After 
a rain,  puddles  disappear.  And  the 
ground  becomes  dry  again. 

When  water  disappears  into  the  air, 
we  say  that  the  water  evaporates.  The 


water  changes  from  a liquid  to  a gas. 
This  gas  is  called  water  vapor.  You 
cannot  see  water  vapor.  It  mixes  with 
the  other  gases  in  the  air. 

Water  is  always  going  into  the  air 
from  oceans,  lakes,  rivers,  and 
streams.  It  evaporates  from  wet  soil, 
wet  grass,  and  wet  trees,  too.  The 
warmer  the  water  is,  the  faster  it 
evaporates.  And  the  warmer  the  air 
is,  the  more  water  vapor  it  will  hold. 
When  you  want  to  dry  your  wet 
clothes  quickly,  you  hang  them  in  the 
hot  sunshine  or  near  a heater.  The 
water  soon  disappears  into  the  air. 

The  water  vapor  in  the  air  can 
change  back  to  a liquid.  Suppose  you 
put  some  chipped  ice  in  a dry  metal 
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cup.  Then  let  the  cup  stand  in  a 
warm  room.  Drops  of  water  soon 
gather  on  the  outside  of  the  cup.  The 
ice  makes  the  cup  cold.  Then  the  cold 
cup  cools  the  air  that  touches  it.  This 
air  has  water  vapor  in  it.  But  cool  air 
cannot  hold  so  much  water  vapor  as 
warm  air  can.  So  some  of  the  water 
vapor  comes  out  of  the  air  and 
changes  to  liquid  water. 

When  water  vapor  changes  to 
water,  we  say  that  the  water  vapor 
condenses.  You  have  seen  this  hap- 
pen many  times.  The  little  white  cloud 
near  the  spout  of  a teakettle  is  made 
of  tiny  drops  of  condensed  steam.  If 
you  hold  a cold  plate  near  the  spout 
of  the  teakettle,  drops  of  water  will 
gather  on  the  plate.  As  you  know, 
steam  is  just  water  vapor  that  comes 
from  boiling  water.  When  steam  is 
cooled  enough,  it  changes  back  to 
liquid  water.  When  this  happens,  a 
little  cloud  is  made. 


On  a cold  day  you  can  see  your 
“breath.”  The  warm  air  that  you 
breathe  out  is  full  of  water  vapor. 
When  this  warm,  moist  air  strikes  the 
cold  air  outside  your  body,  it  is  cooled. 
Then  it  cannot  hold  so  much  water 
vapor.  As  some  of  the  water  vapor 
condenses,  it  makes  the  little  cloud 
that  you  see.  If  you  blow  your  breath 
against  a cold  windowpane,  water 
vapor  in  your  breath  will  condense 
on  the  cold  glass. 

Now  do  you  see  how  a cloud  is 
made  in  the  sky?  There  is  always 
some  water  vapor  in  the  air.  When 
the  air  is  warm,  it  can  hold  much 
water  vapor.  But  if  the  air  is  cooled, 
it  cannot  hold  so  much.  Then  some 
of  the  water  vapor  condenses,  and 
tiny  drops  of  water  are  formed.  They 
are  so  small  and  so  light  that  they 
float  in  the  air.  A cloud  is  made  of 
many,  many  of  these  tiny  drops  float- 
ing along  together. 
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After  you  have  read  this  page , tell  what 


When  the  air  can  hold  all  the  water 
vapor  that  is  in  it,  the  sky  is  clear. 
Water  vapor  does  not  condense,  and 
no  clouds  are  formed.  But  when  the 
air  cannot  hold  all  of  its  water  vapor, 
some  of  the  water  vapor  condenses. 
Clouds  form,  and  the  sky  becomes 
cloudy. 

If  the  temperature  of  the  air 
changes,  the  condition  of  the  sky  may 
change,  too.  Water  vapor  will  con- 
dense into  clouds  if  the  air  is  cooled 
enough.  So  a day  that  starts  out  clear 
may  become  cloudy.  Or  clouds  will 
evaporate  into  water  vapor  if  the  air 
is  warmed  enough.  Then  a cloudy  day 
may  become  clear. 

You  have  often  watched  clouds  as 
they  move  by.  Sometimes  they  race 
along,  but  other  times  they  hardly 
seem  to  move.  The  harder  the  wind 
blows  in  the  sky,  the  faster  the  clouds 


kinds  of  clouds  are  shown  in  these  pictures. 


go.  The  wind  can  make  a cloudy  sky 
clear  by  driving  away  the  clouds.  Or 
it  can  make  a clear  sky  cloudy  by 
bringing  clouds  from  somewhere  else. 

As  you  watch  the  clouds,  you  can 
easily  learn  to  tell  the  three  main 
kinds.  One  kind  of  cloud  looks  like  a 
white  puff  of  cotton  or  wool.  You  often 
see  this  kind  on  a hot  summer  day. 
Scientists  call  this  kind  a cumulus 
cloud.  Cumulus  means  heaped  up  or 
piled  up.  The  top  of  a cumulus  cloud 
may  be  over  a mile  above  the  earth, 
while  the  bottom  is  within  a few  hun- 
dred feet  of  the  earth. 

Another  kind  of  cloud  that  you  have 
often  seen  is  smooth  and  gray.  It  usu- 
ally covers  the  whole  sky.  Then  you 
cannot  see  the  sun  or  the  moon  and 
the  stars.  This  cloud  may  be  from  400 
feet  to  over  2000  feet  above  the  earth. 
Scientists  call  this  kind  a stratus 
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These  are  kinds  of  cirrus  clouds.  The  picture  on  the  right  shows  a mackerel  sky. 


cloud.  Stratus  means  layer,  which  is 
a good  name  for  this  cloud. 

The  third  kind  of  cloud  is  the  high- 
est in  the  sky.  It  may  be  from  six  to 
nine  miles  above  the  earth.  At  this 
height,  the  air  is  so  cold  that  water 
vapor  condenses  into  tiny  bits  of  ice. 
So  this  cloud  is  made  of  ice  instead  of 


water.  Scientists  call  it  a cirrus  cloud. 
Cirrus  means  curl  or  tuft.  Sometimes 
this  cloud  looks  like  little  curls  or 
tufts.  At  other  times,  it  looks  like 
threads  or  feathers.  A “mackerel” 
sky  has  a kind  of  cirrus  cloud.  The 
clouds  make  a pattern  that  looks  like 
the  pattern  on  a mackerel’s  back. 


1.  Explain  how  water  gets  into  the  air. 

2.  How  is  a cloud  formed? 

3.  Why  does  a fog  disappear  when  the  sun  comes  out? 

4.  Do  you  believe  each  of  these  statements?  Give  your  reasons. 

a)  On  a clear  day,  there  is  no  water  vapor  in  the  air. 

b)  On  a cloudy  day,  you  can  see  much  water  vapor  in  the  air. 

c)  Water  vapor  changes  to  water  when  air  is  cooled. 

5.  Ice  sometimes  forms  on  an  airplane  as  it  comes  down  from  high 

above  the  earth.  Why  do  you  think  that  this  happens? 

6.  On  a summer  day,  a pipe  carrying  cold  water  had  drops  of  water 

on  the  outside.  If  there  was  no  leak  in  the  pipe,  how  did  the 
drops  of  water  get  there? 
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How  does  water  come  out  of  the  air? 


Sometimes  the  sky  is  clear,  with- 
out a cloud  in  sight.  Then  in  a 
few  hours  big  clouds  may  appear. 
Soon  the  air  is  full  of  raindrops  or 
snowflakes.  Perhaps  sleet  or  hail 
comes  down,  too.  Rain,  snow,  sleet, 
and  hail  are  all  made  by  water  coming 
out  of  the  air.  But  how  does  water 
come  out  of  the  air  in  these  ways? 
You  can  use  what  you  have  already 
learned  about  clouds  to  help  answer 
this  question. 

When  air  that  contains  much  water 
vapor  is  cooled,  some  of  the  vapor 
condenses  and  comes  out  of  the  air. 
At  first,  only  tiny  drops  of  water 
are  formed.  They  float  in  the  air  and 
make  clouds.  When  only  a little  water 
vapor  condenses,  the  clouds  are  thin. 
But  when  much  water  vapor  con- 
denses, the  clouds  are  thicker. 

If  the  air  in  the  clouds  gets  colder, 
more  water  vapor  condenses.  The  tiny 
drops  of  water  join  together  to  make 
larger  and  larger  drops.  At  last,  they 
are  too  big  and  too  heavy  to  stay  up 
in  the  air.  They  fall  to  the  earth  as 
raindrops.  Then  we  have  rain. 


As  raindrops  fall  from  the  clouds, 
they  sometimes  pass  through  air 
where  the  temperature  is  below  freez- 
ing. When  the  raindrops  freeze,  we 
have  sleet.  Sleet  is  just  frozen  rain,  or 
tiny  bits  of  ice  mixed  with  rain. 

If  there  are  strong  currents  of  air 
moving  up  and  down,  the  raindrops 
may  be  carried  up  and  down  many 
times  before  they  reach  the  earth. 
They  may  pass  from  air  that  is  above 
freezing  to  air  that  is  below  freezing. 
Each  time  they  go  from  warmer  air  to 
colder  air,  a layer  of  ice  may  be  added. 
In  this  way,  hail  is  formed.  Hailstones 
sometimes  get  as  big  as  marbles  or 
even  hen’s  eggs.  They  may  break  win- 
dows and  ruin  crops. 

Sometimes  air  must  be  cooled  below 
freezing  before  the  water  vapor  will 
come  out.  When  this  happens,  the 
water  vapor  changes  to  a solid  instead 
of  a liquid.  It  forms  snowflakes,  and 
then  we  have  snow. 

You  can  find  many  beautiful  pat- 
terns in  snowflakes.  The  next  time 
that  it  snows,  let  some  of  the  flakes 
fall  on  your  coat  sleeve.  Then  look  at 
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them  with  a magnifying  glass.  You 
will  see  that  they  usually  have  six 
sides  or  points.  Each  one  seems  to  be 
different.  You  will  not  find  two  snow- 
flakes that  are  exactly  alike.  The 
picture  on  page  48  shows  several 
snowflakes  as  they  look  under  a mi- 
croscope. 

On  a summer  morning,  you  may 
find  grass  and  other  things  outdoors 
wet  with  dew.  In  the  spring  or  the 
autumn,  when  the  weather  is  cooler, 
these  things  may  be  covered  with 
white  frost.  Where  do  you  think  the 
dew  and  the  frost  come  from?  People 
used  to  think  that  they  came  from  the 
ground.  But  scientists  know  that  dew 
and  frost  really  come  from  the  water 
vapor  in  the  air. 

Suppose  that  it  is  a warm,  clear 
summer  day.  Water  is  evaporating 


into  the  air.  After  the  sun  goes  down, 
the  soil,  the  plants,  and  the  buildings 
become  cooler.  The  air  that  touches 
these  cool  things  becomes  cooler,  too. 
This  cool  air  cannot  hold  all  the  water 
vapor  that  it  took  up  during  the  day. 
So  some  of  the  water  vapor  condenses. 
Drops  of  water  form  on  the  soil,  the 
plants,  and  the  buildings.  These  drops 
of  water  are  called  dew. 

But  in  the  spring  or  the  autumn, 
the  temperature  of  the  air  sometimes 
falls  below  freezing  at  night.  Then  the 
water  vapor  in  the  air  changes  directly 
into  a solid,  just  as  it  does  when  snow 
is  formed.  This  solid  is  called  frost. 
Some  people  think  that  frost  is  just 
frozen  dew,  but  that  is  not  correct. 
The  water  vapor  in  the  air  changes 
directly  into  frost  without  first  be- 
coming water. 


1.  What  change  must  take  place  in  the  air  before  water  vapor  will 

condense? 

2.  How  would  the  weather  be  different  if  water  did  not  evaporate? 

3.  Tell  how  you  could  use  a kettle  of  boiling  water  and  a cold  plate 

to  explain  how  rain  is  made. 

4.  Do  snow  and  sleet  both  come  out  of  the  air  in  the  same  way? 

Explain  your  answer. 

5.  Do  you  believe  each  of  these  statements?  Give  your  reasons. 

a)  Without  the  help  of  gravity,  we  would  not  have  rainy 

weather. 

b)  Water  that  is  now  in  a puddle  may  sometime  fall  from  the 

sky. 

c)  Hailstones  are  balls  of  ice. 

d)  Dew  sometimes  freezes  and  forms  frost. 

e)  Frost  and  dew  fall  from  the  sky,  just  as  rain  and  snow  do. 
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Scientists  are  trying  to  find  out  more  about  thunderstorms.  This  glider  was  towed  up 
into  a stormy  sky  and  cut  loose.  The  pilot  and  his  instruments  came  down  through  the 
storm  and  recorded  what  was  happening  inside  the  storm. 


What  does  the  weatherman  do? 


You  have  probably  heard  jokes 
about  the  weatherman,  and  you 
may  have  seen  funny  pictures  of  him. 
People  sometimes  ask,  “Why  doesn’t 
the  weatherman  shut  off  this  rain?” 
Or  they  say,  “I  wish  the  weatherman 
would  turn  on  some  more  heat.” 

Of  course,  no  one  has  ever  been 
able  to  control  the  weather  and  give 
us  just  the  kind  we  want.  But  people 
still  blame  the  weatherman  for  bad 
weather.  And  they  make  fun  of  him 
when  the  weather  report  is  not  cor- 
rect. Who  is  the  weatherman?  What 
does  he  do  about  the  weather? 

If  you  want  to  find  out  what  the 
weather  is  going  to  be,  you  probably 
look  in  a newspaper  for  the  weather 


report.  Or  you  listen  to  the  radio  to 
get  the  weather  report.  This  report  is 
made  by  the  United  States  Weather 
Bureau.  When  we  talk  about  the 
weatherman,  we  really  mean  the 
Weather  Bureau.  Or  we  mean  one  of 
the  scientists  who  work  for  it. 

The  main  office  of  the  Weather  Bu- 
reau is  in  Washington,  D.C.  It  has  dis- 
trict offices  in  several  big  cities,  such 
as  Boston,  Chicago,  New  Orleans, 
Kansas  City,  Denver,  and  San  Fran- 
cisco. There  are  also  more  than  300 
weather  stations  in  different  parts  of 
our  country.  The  work  of  the  Weather 
Bureau  is  to  forecast  the  weather. 
Forecast  means  tell  what  is  coming. 
The  weather  report  is  called  the 
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weather  forecast.  It  tells  what  kind  of 
weather  is  probably  coming. 

Scientists  in  the  offices  and  stations 
of  the  Weather  Bureau  do  the  work  of 
forecasting  the  weather.  These  scien- 
tists study  the  weather  very  carefully 
and  watch  its  changes.  They  study  the 
clouds  and  the  winds.  And  they  find 
out  what  kind  of  weather  the  different 
clouds  and  winds  are  likely  to  bring. 

Like  all  scientists,  the  weathermen 
use  many  instruments  to  help  them 
with  their  work.  They  must  find  out 
what  is  happening  to  the  air  in  every 
part  of  our  country.  Every  weather 
station  has  a thermometer  that  meas- 
ures the  temperature  very  accurately. 
This  thermometer  also  makes  a rec- 
ord of  the  temperature  as  it  changes. 

The  weather  scientists  also  have  an 
instrument  that  measures  the  pres- 


sure of  the  air.  This  instrument  is 
called  a barometer.  One  kind  of  ba- 
rometer makes  a record  of  the  pres- 
sure of  the  air  as  it  changes  during 
the  day. 

Each  weather  station  has  an  instru- 
ment to  tell  how  much  water  vapor 
there  is  in  the  air.  Another  instru- 
ment shows  the  amount  of  rain  that 
falls.  This  instrument  is  called  a rain 
gauge.  It  is  a metal  can  about  eight 
inches  across  and  twenty  inches  high. 
The  rain  gauge  is  set  in  an  open  place 
where  the  rain  can  fall  into  it.  Every 
day  when  rain  falls,  the  weatherman 
measures  the  water  with  a ruler  to 
find  out  how  deep  it  is. 

The  scientists  of  the  Weather  Bu- 
reau also  want  to  know  the  direction 
and  speed  of  the  wind.  A weather 
vane  shows  which  way  the  wind  is 


The  picture  on  the  left  shows  a barometer  that  makes  a record  of  the  pressure  of  the 
air  as  it  changes.  The  other  picture  shows  a rain  gauge  that  is  connected  to  an  instru- 
ment in  the  Weather  Bureau.  When  a certain  amount  of  rain  has  fallen,  it  is  recorded 
on  the  instrument. 
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blowing.  Another  instrument  meas- 
ures how  fast  the  wind  is  blowing. 
It  is  spun  around  by  the  wind.  The 
faster  the  wind  is  blowing,  the  faster 
it  spins.  The  picture  on  the  left  on 
this  page  shows  one  of  these  instru- 
ments. 

Some  weather  stations  send  up 
small  balloons  to  find  out  which  way 
and  how  fast  the  wind  is  blowing  high 
above  the  earth.  Other  weather  sta- 
tions send  up  larger  balloons  with  ra- 
dio sets  fastened  to  them.  As  this  bal- 
loon goes  up,  the  radio  set  sends  out 
reports  of  the  weather  in  the  upper 
air.  When  the  balloon  gets  high  above 
the  earth,  it  bursts.  Then  a parachute 
carries  the  radio  set  safely  back  to 
earth.  The  radio  set  has  a tag  on  it, 
asking  anyone  who  finds  it  to  send  it 
back  to  the  Weather  Bureau. 


For  many  years,  scientists  of  the 
Weather  Bureau  have  kept  records  of 
weather  as  it  changes  from  day  to  day. 
The  records  show  the  temperature, 
the  winds,  the  condition  of  the  sky, 
and  the  amount  of  water  coming  out 
of  the  air.  They  give  the  hottest  day 
and  the  coldest  day  for  many  years 
gone  by.  They  tell  how  much  rain  or 
snow  usually  falls  during  each  month 
of  the  year.  And  they  also  show  how 
much  sunshine  there  usually  is  in  ev- 
ery part  of  our  country.  By  studying 
these  records,  scientists  have  learned 
a great  deal  about  the  weather. 

Most  people  want  to  know  what  the 
weather  is  going  to  be,  not  just  what 
the  weather  has  been.  So  the  scien- 
tists of  the  Weather  Bureau  have 
worked  out  a way  to  forecast  the 
weather.  Every  day,  each  weather 
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station  makes  a report  of  the  weather 
at  the  place  where  the  station  is.  The 
report  gives  the  highest  and  the  low- 
est temperatures  of  the  day  before, 
the  direction  and  the  speed  of  the 
wind,  the  condition  of  the  sky,  and 
the  amount  of  water  coming  out  of  the 
air.  It  also  gives  the  pressure  of  the 
air. 

This  report  is  sent  to  the  cities 
where  weather  forecasts  are  made. 
In  these  cities,  scientists  study  the  re- 
ports from  the  weather  stations.  Then 
the  scientists  make  a weather  map. 
On  this  map,  they  put  the  things  that 


they  learned  from  the  weather  re- 
ports. When  the  map  is  finished,  it 
shows  what  the  weather  is  in  all  parts 
of  our  country. 

The  picture  on  page  54  shows  a 
weather  map.  Perhaps  you  have  seen 
maps  like  this  in  newspapers.  It  may 
look  like  only  a jumble  of  lines  to  you. 
But  this  map  is  really  much  simpler 
than  the  maps  that  weather  scientists 
use.  Later  in  your  study  of  science, 
you  will  probably  learn  more  about 
weather  maps.  Then  you  will  find  out 
how  the  lines  are  drawn  and  what 
they  mean. 


These  hoys  have  found  a balloon  and  radio  from  the  Weather  Bureau.  They  are  looking 
to  see  where  to  send  the  radio. 
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ARROWS  SHOW  GENERAL  FLOW  OF  AIR 


When  a scientist  looks  at  a weather 
map,  he  sees  a picture  of  what  is  hap- 
pening to  the  weather  all  over  our 
country.  He  can  read  this  map  just 
as  you  can  read  an  ordinary  map.  The 
weather  map  shows  him  where  there 
are  large  masses  of  cold  air  and  warm 
air.  It  shows  him  where  the  air  is 
moist  or  dry.  He  can  see  in  which 
direction  the  masses  of  air  are  mov- 
ing. He  can  also  tell  about  how  fast 
they  are  moving. 

All  these  things  show  the  scientist 
what  the  weather  will  probably  be  in 
different  places.  So  he  can  make  a 
weather  forecast  from  the  weather 
map.  As  soon  as  this  forecast  is  made, 
it  is  sent  to  newspapers  and  radio  sta- 


tions. It  is  also  sent  by  telephone  and 
telegraph  to  other  cities. 

Is  the  weather  forecast  usually  cor- 
rect? Here  is  a good  way  to  find  out. 
Compare  the  weather  forecast  each 
day  with  the  weather  you  actually 
have  the  next  day.  Do  this  for  several 
weeks.  How  many  times  was  the  fore- 
cast correct?  How  many  was  it  not? 

You  must  remember  that  the 
weather  forecast  is  made  for  a large 
district.  So  it  may  not  tell  the  exact 
kind  of  weather  that  you  will  have 
near  your  home.  Suppose  the  forecast 
is  “showers.”  It  may  rain  hard  a few 
miles  away  but  never  even  sprinkle 
near  where  you  live.  Yet  you  should 
not  say  that  the  forecast  is  wrong. 
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Of  course,  the  weather  forecast  is 
not  always  correct.  Sometimes  a storm 
comes  up  without  much  warning.  Or 
changes  in  the  air  take  place  so  fast 


that  the  Weather  Bureau  cannot  fore- 
cast them.  But  you  will  find  that  the 
weather  forecast  is  correct  much  more 
often  than  it  is  not  correct. 


1.  What  things  do  scientists  watch  so  that  they  can  forecast  the 

weather? 

2.  Name  some  instruments  that  scientists  use  to  study  the  weather. 

3.  How  do  weather  stations  help  scientists  forecast  the  weather? 

4.  When  a scientist  studies  a weather  map,  what  are  some  things  he 

can  find  out? 

5.  Why  is  the  weather  forecast  not  always  correct  for  the  place  where 

you  live? 


How  do  weather  forecasts  help  us? 


Every  year,  the  work  of  the 
Weather  Bureau  saves  hundreds 
of  lives  and  millions  of  dollars.  Many 
people  may  change  their  plans  when 
they  get  the  weather  forecast.  Here 
are  some  things  that  happened  one 
day  because  the  weather  forecast  said, 
“Much  colder  with  very  strong  north 
wind.  Probably  very  heavy  snow 
within  twenty-four  hours.” 

People  put  on  warmer  clothes  be- 
fore they  left  home  to  go  to  work  or 
to  school.  Some  of  them  put  storm 
windows  and  storm  doors  on  their 
homes.  They  started  fires  in  their  fur- 
naces. Fuel  dealers  had  a rush  of  or- 
ders from  people  who  needed  more 
coal  or  oil  to  heat  their  homes.  Farm- 
ers made  sure  that  their  cows,  sheep, 
pigs,  and  chickens  were  in  a safe  place. 
Shippers  packed  fruits  and  vegetables 
so  that  they  would  not  freeze  on  the 
way  to  market  in  trains  and  trucks. 


These  storm  signals  warn  people  that  a 
storm  is  coming  from  the  northwest. 


Steamship  companies  warned  their 
boats  to  get  ready  for  a storm  or  to 
hurry  into  a safe  harbor.  Air  lines 
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Air-line  pilots  study  the  weather  map  before  taking  off. 


sent  radio  messages  to  all  their  air- 
planes. Many  planes  were  not  allowed 
to  start  on  long  trips.  Telephone,  tele- 
graph, and  electric  companies  had 
men  ready  to  repair  damaged  wires. 
Highway  departments  got  their  snow- 
plows out  so  that  they  could  clear  the 
snow  off  the  roads  as  soon  as  it  fell. 

The  weather  forecast  was  correct. 
The  temperature  went  down  below 
freezing.  A strong  north  wind  blew, 
and  it  snowed  very  hard.  The  storm 
did  some  damage  and  made  some  peo- 
ple uncomfortable.  But  most  people 
were  ready  for  it,  because  the  Weather 
Bureau  had  warned  them  in  time  to 
get  ready  for  it. 

Farmers  are  always  watching  the 
weather  forecasts  for  warnings  of  bad 


weather.  At  harvest  time,  if  rain  is 
forecast,  they  hurry  to  get  their  hay 
and  grain  into  barns  or  stacks.  Then 
the  rain  cannot  spoil  the  crops.  In  the 
spring,  the  farmers  watch  for  a fore- 
cast of  dry  weather  so  that  they  can 
plow  their  fields  and  plant  their  crops. 

Fruit  growers  also  watch  the 
weather  forecasts  closely.  If  a heavy 
frost  comes  when  fruit  trees  are 
in  blossom,  the  blossoms  may  be 
frozen.  Then  there  will  be  no  fruit. 
Sometimes,  when  frost  is  forecast, 
fruit  growers  build  fires  in  their 
orchards  to  warm  the  air  and  keep 
the  blossoms  from  freezing.  Vege- 
table growers  wait  until  the  danger 
of  frost  is  past.  Then  they  plant  their 
crops. 
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Shippers  of  fruits  and  vegetables 
need  the  weather  reports,  too.  In  cold 
weather,  the  forecasts  help  them  de- 
cide how  to  pack  this  food  to  keep  it 
from  freezing.  In  warm  weather,  the 
forecasts  help  them  decide  what  to  do 
to  keep  the  fruits  and  vegetables  from 
spoiling. 

To  fly  their  airplanes  safely,  pilots 
make  much  use  of  weather  reports. 
They  need  to  know  what  the  weather 
is  high  above  the  earth.  Up  there,  the 
air  is  colder  than  it  is  near  the  ground. 
The  direction  and  the  speed  of  the 
wind  are  usually  different,  too.  Pilots 


also  must  know  when  to  expect  fogs, 
storms,  and  ice.  Most  air  lines  get 
weather  reports  from  their  own  scien- 
tists as  well  as  from  the  Weather 
Bureau. 

You  can  see  how  weather  forecasts 
help  us  in  many  ways.  They  warn  us 
of  sudden  heat  or  cold  and  of  storms, 
frosts,  and  floods.  They  tell  us  to 
watch  for  forest  fires  if  the  weather 
is  dry.  They  also  tell  us  when  to  ex- 
pect the  kind  of  weather  we  want.  If 
we  know  what  the  weather  is  going 
to  be,  we  can  make  our  plans  to  fit 
the  weather. 


1.  How  do  weather  forecasts  help  us?  Give  as  many  different  ways 

as  you  can. 

2.  How  do  scientists  help  us  hy  studying  the  weather? 

3.  Why  do  airplane  pilots  need  special  weather  reports? 


When  the  weather  is  cold,  orange  growers  warm  the  air  in  the  groves  with  heaters. 
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QUESTIONS  TO  ANSWER 


1.  What  changes  in  the  air  change 
the  weather? 

2.  Where  does  dew  go  when  it  dis- 
appears? 

3.  Why  do  fogs  come  more  often  at 
night  than  in  the  daytime? 

4.  What  will  happen  if  warm,  moist 
air  is  pushed  up  into  much  colder  air? 

5.  How  does  gravity  help  make  the 
weather  change? 

6.  Electric  companies  watch  the 
weather  reports  to  find  out  if  the  sky 


will  be  cloudy  or  clear  the  next  day. 
Why  do  you  think  they  do  this? 

7.  Figure  out  how  much  the  air  in 
your  schoolroom  weighs. 

8.  Explain  why  drops  of  water  form 
on  the  outside  of  a pitcher  of  ice  water 
when  it  stands  in  a warm  room.  Where 
do  the  drops  of  water  come  from?  Ex- 
plain your  answer. 

9.  Look  at  the  pictures  on  these  two 
pages.  What  does  each  one  show?  How 
did  each  one  come  about? 


THINGS  TO  DO 


1.  Cut  out  a weather  forecast  from 
a newspaper  and  bring  it  to  class.  Make 
a list  of  all  the  things  you  have  learned 
in  this  unit  that  help  you  understand 
the  forecast.  Explain  how  they  help 
you  understand  the  forecast. 


2.  Make  a wind  vane  and  set  it  up 
where  you  can  see  it  easily.  Keep  a 
record  of  the  direction  of  the  wind  each 
day  for  a month.  From  what  direction 
does  the  wind  usually  blow  where  you 
live? 
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3.  Set  an  open  can  in  a place  where 
it  is  not  sheltered  by  trees  or  buildings. 
Use  this  can  as  a rain  gauge.  Each  time 
it  rains,  measure  the  rain  in  the  can 
with  a ruler.  Find  out  how  many  inches 
of  rain  fall  in  a month  where  you  live. 

4.  Read  more  about  the  different 
kinds  of  instruments  used  by  the 
Weather  Bureau.  Find  out  how  they 
are  used. 


5.  Make  a scrapbook  of  newspaper 
stories  about  unusual  weather. 

6.  Get  a weather  map  from  the 
Weather  Bureau.  Find  out  what  some 
of  the  marks  on  it  mean. 

7.  Make  a list  of  sayings  about  the 
weather.  Find  out  whether  they  are 
true  or  false. 

8.  If  there  is  a weather  station  near 
your  home,  try  to  visit  it. 
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* In  Unit  Three  You  Will  Learn  * 

* What  the  earth's  surface  is  made  of  * How  rocks  are  broken  up  * 
* How  wind , water,  and  ice  change  the  earth's  surface  * 

* How  volcanoes  build  up  the  earth's  surface  * 

* How  mountains  are  made  * How  we  can  conserve  the  soil  * 


How  Is  the  Earth’s  Surface  Changed ? 


What  does  the  land  look  like 
around  the  place  where  you 
live?  Is  it  flat  or  hilly?  Are  there 
mountains  and  valleys?  Can  you  find 
rivers,  lakes,  or  swamps  nearby?  Do 
the  rivers  run  swiftly  or  slowly?  What 
kinds  of  rocks  can  you  find?  Do  big 
rocks  stick  up  out  of  the  ground?  Or 
are  stones  just  scattered  here  and 
there? 

But  do  you  think  that  the  land 
around  you  always  looked  just  as  it 
does  today?  Talk  with  people  who 
have  lived  near  your  home  for  a long 
time.  They  can  probably  tell  you 
about  some  changes  in  the  earth’s 
surface  near  where  you  live.  And 
even  in  your  own  lifetime  you  may 
have  seen  some  changes. 

The  banks  of  streams  cave  in  or 
wash  away.  Wind  blows  dry  soil  and 
piles  it  in  heaps.  Rivers  and  creeks 
become  shallower  and  narrower. 


Sometimes  a stream  changes  its  path, 
or  a lake  fills  up  with  soil.  Maybe  you 
have  watched  some  of  these  changes 
take  place.  Many  other  changes  in  the 
earth’s  surface  take  a long,  long  time. 

Suppose  that  you  could  see  the  land 
around  you  as  it  was  a hundred  thou- 
sand years  ago  and  then  several  mil- 
lion years  ago.  Would  it  look  the  same 
each  time?  Of  course,  you  can  only 
guess  what  the  answer  to  this  ques- 
tion would  be.  But  scientists  do  not 
have  to  guess.  For  many  years,  they 
have  studied  the  history  of  the  earth. 
They  know  that  many  changes  in  the 
earth’s  surface  have  already  taken 
place.  And  they  also  know  that  some 
changes  are  still  going  on  in  many 
parts  of  the  earth. 

A scientist  might  tell  you  that  the 
place  where  you  live  was  once  at  the 
bottom  of  the  ocean.  Or  he  might  say 
that  at  another  time  it  was  covered 
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Some  parts  of  our  country  have  high  mountains.  Other  parts  are  fiat  plains. 


with  ice  hundreds  of  feet  thick.  At 
some  other  time,  it  may  have  been  up 
on  a mountain  or  down  on  a plain. 
Scientists  know  that  different  parts  of 
our  country  have  changed  in  different 


ways.  As  you  study  this  unit,  you  will 
find  out  what  some  of  the  changes 
were.  You  will  also  learn  how  changes 
in  the  earth’s  surface  are  made  and 
what  changes  are  still  going  on. 


What  is  the  earth’s  surface  made  of? 


Imagine  that  you  are  in  an  air- 
plane high  above  the  earth.  Look- 
ing down,  you  can  get  a bird’s-eye 
view  of  miles  and  miles  of  the  earth’s 
surface.  Pretend  that  you  are  up  so 
high  that  you  can  see  from  one  side 
of  our  country  to  the  other. 

Along  the  east  and  west  sides  of  our 
country,  you  see  huge  bodies  of  water. 
These  are  the  Atlantic  and  Pacific 
oceans.  You  see  many  smaller  bodies 
of  water,  too.  These  are  lakes.  The 
largest  ones  that  you  see  are  the  five 
Great  Lakes.  If  you  look  more  closely, 
you  can  find  hundreds  of  smaller 
lakes. 


You  also  see  long  streams  of  water 
flowing  across  the  land.  These  are  riv- 
ers. Some  of  them,  like  the  Missis- 
sippi, Missouri,  and  Ohio  rivers,  are 
hundreds  of  miles  long.  If  you  were 
nearer  the  earth,  you  could  see  many 
smaller  streams  creeping  across  fields 
or  rushing  down  the  mountainsides. 
These  streams  are  creeks  and  brooks. 

The  big  rivers  and  the  little  streams 
are  all  alike  in  one  way.  They  are  all 
traveling  downhill.  As  you  know,  the 
force  of  gravity  makes  them  do  this. 
Some  hurry  along.  Others  flow  slowly. 
But  they  all  run  downhill  and  pour 
their  water  into  low  places  on  the 
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Deserts  and  oceans  cover  large  parts  of  the  earth’s  surface. 


earth’s  surface.  More  than  three 
fourths  of  the  earth’s  surface  is  cov- 
ered with  water.  Less  than  one  fourth 
is  land. 

Now  look  more  closely  at  the  land. 
Here  and  there  you  see  big  flat 
stretches.  Some  of  them  are  covered 
with  forests.  Some  are  prairies  cov- 
ered with  grass.  Others  are  deserts 
with  very  little  growing  on  them.  In 
other  places,  the  land  is  not  flat.  You 
see  miles  of  hills  and  valleys.  Higher 
than  the  hills  are  the  rough,  jagged 
mountains.  Some  of  the  mountain 
peaks  are  almost  three  miles  high! 
Look  at  the  pictures  on  these  two 
pages.  They  show  how  different  the 
earth’s  surface  is  in  different  places. 

The  land  is  made  of  either  rock  or 
soil.  In  high  mountains  and  some 
other  places,  you  can  see  bare  rock. 
In  most  other  places,  you  find  soil.  But 
if  you  dig  down  far  enough  into  the 
soil,  you  will  always  come  to  rock. 


The  kinds  of  rocks  under  the  soil  mean 
much  to  a scientist.  By  studying  the 
rocks,  he  can  discover  how  that  part 
of  the  earth’s  surface  has  changed. 

In  hilly  country,  places  must  often 
be  cut  through  rock  so  that  highways 
and  railroads  can  be  built.  On  the 
sides  of  these  cuts,  you  may  see  dif- 
ferent layers  of  rock.  You  can  easily 
tell  one  layer  of  rock  from  another. 
The  colors  of  the  layers  are  different. 
So  are  the  sizes  of  the  tiny  pieces  that 
make  up  the  rocks.  Look  at  the  pic- 
ture on  the  left  on  this  page.  You  can 
see  the  layers  of  rock. 

Scientists  have  discovered  different 
kinds  of  rocks.  They  have  also  found 
out  why  some  kinds  are  in  layers. 
One  kind  of  rock  is  called  sandstone. 
It  is  made  of  tiny  bits  of  sand  pressed 
together  so  hard  that  they  make  stone. 
The  sand  is  carried  to  the  ocean  by 
rivers.  It  settles  from  the  water  and 
sinks  to  the  bottom  of  the  ocean.  You 
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will  learn  more  about  this  later  in  the 
unit. 

This  goes  on  for  thousands  or  even 
millions  of  years.  As  more  and  more 
sand  sinks  to  the  bottom  of  the  ocean, 
the  sand  becomes  harder  and  heavier. 
The  top  layers  of  sand  and  the 
water  over  them  press  with  great 
force  on  the  lower  layers.  The  bits  of 
sand  in  the  lower  layers  are  pressed 
together  so  hard  that  they  make  sand- 
stone. 

Another  kind  of  rock  is  also  made 
under  water.  It  is  called  limestone. 
The  bones  of  fishes  and  the  shells  of 
sea  animals  sink  to  the  bottom  of  the 
ocean.  You  can  often  find  the  shells  in 
a piece  of  limestone.  Layer  after  layer 
of  bones  and  shells  settles  on  the 
bottom  of  the  ocean.  The  great  weight 
of  the  top  layers  and  the  weight  of  the 
water  press  the  lower  layers  into 
stone.  Of  course,  this  takes  many, 
many  years. 

A third  kind  of  rock  that  is  made 
under  water  is  called  shale.  It  is  made 
of  mud  that  is  carried  to  the  ocean  by 
the  rivers  which  flow  into  it.  The  mud 
sinks  to  the  bottom.  Like  sandstone 


and  limestone,  shale  is  formed  after 
many  years  of  great  pressure. 

Scientists  have  a name  for  the  kinds 
of  rocks  that  are  made  under  water. 
They  are  all  called  sedimentary  rocks, 
because  they  are  made  from  sediment , 
or  solid  pieces  that  settle  from  water. 
Sedimentary  rocks  are  usually  found 
in  layers.  You  can  see  the  layers  in 
the  pictures  on  pages  63  and  73. 

But  why  do  we  find  sedimentary 
rocks  hundreds  or  even  thousands  of 
feet  above  the  oceans  and  many  miles 
away  from  it?  Scientists  wondered 
about  this  for  a long  time.  They  knew 
that  the  rocks  must  have  been  made 
under  water.  So  they  decided  that 
there  was  only  one  way  to  explain  this 
strange  thing. 

After  the  rocks  were  formed,  some 
great  force  must  have  pushed  them 
up.  Then  the  water  that  had  covered 
them  ran  down  to  lower  places  on  the 
earth’s  surface.  And  the  rocks  were 
left  as  a layer  on  dry  land.  Thousands 
or  millions  of  years  later  the  land 
sank.  Once  more,  the  layer  of  rock 
was  covered  with  water.  Sand,  mud, 
or  bones  and  shells  settled  on  the 
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rock.  At  last,  a new  layer  of  rock  was 
formed  on  top  of  the  old  layer.  Again 
the  land  was  pushed  up,  and  the  water 
ran  off. 

All  this  happened  over  and  over 
again.  Each  time,  a new  layer  of  rock 
was  added.  It  was  often  a different 
kind  of  rock  from  the  layer  under- 
neath. First,  there  might  be  a layer  of 
limestone.  On  top  of  this,  a layer  of 
shale  would  form.  Then  there  might 
be  a layer  of  sandstone.  That  is  why 
different  kinds  of  sedimentary  rocks 
are  found  in  the  same  place.  But  no 
matter  what  kinds  you  find,  you  know 
that  the  place  must  have  been  under 
water  when  the  rocks  were  made. 

Scientists  find  other  kinds  of  rocks 
that  were  made  from  sedimentary 
rocks.  One  kind  is  called  marble.  It 
was  made  from  limestone  that  was 
heated  and  then  crushed  with  great 
force.  For  this  to  have  happened,  the 
limestone  must  have  been  covered 
with  heavy  layers  of  rock. 

Rocks  made  from  sedimentary 
rocks  in  this  way  have  a special  name. 
Scientists  call  them  metamorphic 
rocks.  Metamorphic  means  changed. 


The  sedimentary  rocks  were  changed 
by  great  heat  and  pressure.  You  can 
probably  find  another  kind  of  meta- 
morphic rock  in  your  schoolroom. 
Blackboards  are  often  made  of  slate. 
Slate  is  a rock  formed  from  shale  that 
was  heated  and  crushed. 

In  many  places  on  the  earth’s  sur- 
face, there  are  huge  masses  of  other 
kinds  of  rocks  that  were  also  formed 
by  heat.  These  rocks  are  mixtures  of 
minerals  that  have  many  different 
colors.  Scientists  can  explain  how 
these  rocks  were  made,  too. 

Far  below  the  earth’s  surface,  it  was 
very  hot.  The  great  heat  melted  solid 
rock  a mile  or  deeper  in  the  earth. 
Then  pressure  forced  the  hot,  liquid 
rock  upward.  Sometimes  it  flowed  be- 
tween layers  of  sedimentary  rock.  At 
other  times,  it  spread  out  over  the 
earth’s  surface.  Then  it  began  to  cool 
slowly.  After  a long  time,  it  changed 
back  to  solid  rock. 

The  rocks  made  from  liquid  rock 
in  this  way  are  called  igneous  rocks. 
Igneous  means  formed  by  fire.  There 
are  many  kinds  of  igneous  rocks.  The 
kind  that  you  have  probably  seen  is 
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called  granite.  This  is  a very  hard 
rock.  It  can  be  polished  until  it  is 
smooth  and  shiny  like  glass.  And  it 
may  be  red,  green,  gray,  or  blue. 

Now  you  can  understand  where  the 
different  kinds  of  rocks  came  from. 
You  can  also  see  how  a scientist  uses 
the  rocks  to  learn  about  changes  in 
the  earth’s  surface.  When  he  finds  cer- 
tain kinds  of  rocks  in  a place,  he 
knows  what  must  have  happened 
there  long,  long  ago. 

In  many  places,  the  rocks  are  cov- 
ered with  soil.  You  can  easily  find  out 
what  soil  is  made  of.  Put  a handful  of 
soil  in  a tall  glass  jar  or  bottle.  Fill 
the  jar  or  bottle  with  water.  Stir  the 
soil  and  water  thoroughly.  Then  shake 
them  until  the  soil  is  completely 
mixed  with  the  water.  Let  the  jar  or 
bottle  stand  where  it  will  not  be  dis- 
turbed. 

Then  look  at  the  soil  the  next  day. 
What  happened?  As  the  soil  settled, 
the  heaviest  materials  sank  to  the  bot- 
tom first.  Next  came  the  lighter  mate- 
rials. Some  material  still  floated  in  the 
water.  You  can  probably  see  three 


kinds  of  materials.  On  the  bottom  is 
sand.  If  there  are  several  layers  of 
sand,  the  bottom  layer  will  have  the 
biggest  pieces.  Above  the  sand  is  clay. 
Decayed  plant  and  animal  material 
floats  in  the  water. 

Where  do  the  materials  in  soil  come 
from?  Of  course,  the  decayed  mate- 
rial comes  from  the  bodies  of  plants 
and  animals.  Look  at  the  sand  with  a 
magnifying  glass.  You  can  see  that  it 
is  made  from  bits  of  rock.  The  clay 
is  also  made  from  rock  that  was 
ground  to  powder.  So  both  the  sand 
and  the  clay  in  soil  tell  a scientist 
about  changes  that  must  have  taken 
place  in  the  earth’s  surface. 

Long,  long  ago,  the  earth  was  just 
a ball  of  rock.  It  had  no  soil.  But  sci- 
entists know  that  some  of  the  mate- 
rials in  soil  were  made  from  rock. 
Somehow  the  rock  must  have  been 
broken  into  tiny  bits  and  then  spread 
over  the  earth’s  surface.  For  this  to 
have  happened,  great  changes  in  the 
earth’s  surface  must  have  taken  place. 
As  you  study  this  unit,  you  will  find 
out  how  these  changes  were  made. 


1.  Which  one  of  these  statements  is  true?  Which  one  is  not? 

a)  Most  of  the  earth’s  surface  is  dry  land. 

b)  The  solid  part  of  the  earth’s  surface  is  either  soil  or  rock. 

2.  Name  three  kinds  of  rocks  made  under  water  and  tell  how  each 

one  was  formed. 

3.  Name  three  kinds  of  rocks  made  by  heat  and  tell  how  each  one 

was  formed. 

4.  Do  all  the  materials  in  soil  come  from  rock?  Explain  your  answer. 

5.  What  have  scientists  learned  by  studying  rocks  and  soil? 
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The  piles  of  rocks  at  the  foot  of  this  cliff  show  that  it  is  slowly  being  broken  up. 


How  are  rocks  broken  up? 


Did  you  ever  say  that  something 
was  “hard  as  rock”?  You  meant 
that  it  was  very,  very  hard.  Most 
kinds  of  rock  are  very  hard.  That  is 
why  people  for  hundreds  of  years 
have  used  rocks  in  building.  Streets, 
sidewalks,  bridges,  churches,  and 
many  other  things  have  all  been  made 
from  rock. 

Of  course,  huge  chunks  of  rock 
must  first  be  broken  into  pieces  that 
are  small  enough  to  use.  To  do  this 
quickly,  great  force  is  needed.  Power- 
ful drills  bore  holes  in  the  rock.  Dyna- 
mite is  put  in  the  holes.  When  it  ex- 
plodes, the  rock  breaks  into  many 
pieces. 


On  the  earth’s  surface,  many  forces 
are  always  at  work,  breaking  up  rocks 
and  wearing  them  away.  Big  forces 
may  act  quickly,  almost  like  an  ex- 
plosion. Smaller  forces  take  a long, 
long  time. 

Changes  in  the  weather  break  up 
rocks.  You  can  see  one  way  that  this 
happens  by  doing  an  experiment.  Get 
a thick  drinking  glass  or  a thick  glass 
bottle.  Fill  it  with  cold  water.  Let  it 
stand  until  the  glass  feels  cold.  Then 
pour  out  the  cold  water.  Now  quickly 
pour  very  hot  water  into  the  glass. 
Usually  the  glass  will  crack.  The  same 
thing  will  happen  if  you  pour  cold 
water  into  a hot  glass.  Try  it  and  see. 
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How  do  you  think  this  rock  became  so 
cracked?  What  will  happen  sometime? 


Now  let  us  find  out  why  the  glass 
cracked.  You  know  that  heating 
makes  things  expand,  or  get  larger. 
You  also  know  that  cooling  makes 
them  contract,  or  get  smaller.  Hot 
water  made  the  cold  glass  expand. 
The  glass  next  to  the  hot  water  ex- 
panded faster  than  the  rest  of  the 
glass.  This  made  the  glass  crack.  If 
you  pour  cold  water  into  a hot  glass, 
the  same  thing  will  happen.  The  glass 
next  to  the  cold  water  will  contract 
faster  than  the  rest  of  the  glass. 

When  the  sun  shines  on  bare  rocks, 
they  get  very  hot.  Maybe  you  have  sat 
on  one  that  was  too  hot  for  comfort. 
The  inside  of  the  rock  is  much  cooler 
than  the  outside.  The  outside  expands 


faster  than  the  inside.  Then  the  rock 
cracks.  At  night,  rocks  become  cooler. 
The  outside  cools  faster  than  the  in- 
side. As  the  outside  contracts,  more 
cracks  are  formed.  This  happens  over 
and  over  again.  The  cracks  get  bigger 
and  bigger.  At  last,  pieces  of  rock 
break  off. 

Here  is  another  way  that  a change 
in  the  weather  breaks  up  rocks.  An 
experiment  will  show  you  what  hap- 
pens. Get  a glass  bottle  or  jar  that 
has  a screw  top.  Fill  it  as  full  of  water 
as  you  can.  Screw  the  top  on  tightly. 
If  it  is  freezing  weather,  set  the  bot- 
tle or  jar  of  water  outdoors.  Or  you 
can  put  it  in  the  part  of  an  electric 
refrigerator  that  makes  ice  cubes. 
Leave  the  bottle  outdoors  or  in  the 
refrigerator  until  the  next  day. 

Look  at  the  bottle  or  jar  the  next 
morning.  What  happened?  Water  and 
some  other  liquids  are  different  from 
most  things.  Water  expands  when  it 
freezes.  The  water  in  the  bottle 
expanded  when  it  froze.  As  it  ex- 
panded, it  pushed  with  great  force 
against  the  glass.  At  last,  the  glass 
cracked.  Freezing  water  expands  with 
so  much  force  that  it  can  even  break 
iron  pipes.  You  may  have  heard  about 
water  pipes  bursting  in  buildings  be- 
cause the  water  in  the  pipes  froze  and 
expanded. 

Now  you  can  understand  how  freez- 
ing water  can  break  up  rocks.  Rain 
falls  on  rocks,  or  snow  melts  on  them. 
The  water  runs  down  into  cracks  in 
the  rocks.  If  the  weather  is  cold 
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enough,  the  water  freezes.  As  it  ex- 
pands, the  cracks  in  the  rocks  get  big- 
ger. The  force  of  freezing  water 
breaks  the  rocks  into  smaller  and 
smaller  pieces.  As  the  years  go  by, 
huge  mountains  of  rock  are  broken 
down  in  this  way. 

Plants  can  break  up  rocks,  too. 
This  is  how  they  do  it.  The  wind  car- 
ries the  seeds  of  trees  and  other  plants. 
Some  of  the  seeds  fall  on  rocky  places 
in  the  mountains  or  on  rocks  in  fields 
and  valleys.  Perhaps  there  is  some 
soil  on  the  rock.  The  seeds  may  fall 
on  this  soil.  Rain  or  melting  snow 
wets  the  soil.  The  seeds  sprout  and 
begin  to  grow  into  plants.  The  plants 
send  out  tiny  roots. 

These  tiny  roots  can  squeeze  into 
the  smallest  cracks.  Some  of  them 
force  their  way  into  cracks  in  the 
rock.  As  the  years  go  on,  the  roots 
grow  bigger  and  bigger.  And  as  they 
grow,  they  have  enough  force  to  split 
the  rock  into  pieces.  Perhaps  you  have 
seen  sidewalks  broken  by  the  roots  of 
trees.  Sometimes  a sewer  pipe  un- 
derground is  broken  open  by  tree 
roots.  Tiny  roots  get  into  a little  crack 
in  the  pipe.  As  the  roots  grow  larger, 
they  break  the  pipe. 


What  do  you  think  these  trees  can  do  to 
the  rocky  cliff  they  are  growing  in? 

Now  you  know  three  ways  in  which 
rocks  are  broken  up.  Heating  and 
cooling  crack  the  rocks.  Freezing 
water  makes  the  cracks  bigger.  And 
plant  roots  do  the  same  thing.  As  you 
study  this  unit,  you  will  learn  some 
other  ways  in  which  rocks  are  broken 
up  and  worn  away.  Then  you  can 
understand  how  rocks  in  the  earth’s 
surface  were  changed  into  soil. 


1.  Explain  how  heating  and  cooling  break  up  rocks. 

2.  How  does  freezing  weather  help  break  up  rocks? 

3.  Tell  how  a tiny  seed  can  split  a huge  rock  into  pieces. 

4.  Look  again  at  the  picture  on  page  67.  Explain  how  this  huge 

mountain  of  rock  is  slowly  being  broken  down. 
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The  water  is  carrying  away  the  soil  from  the  hanks  of  the  stream.  Where  do  you  think 
this  soil  goes? 


How  does  water  change  the  earth's  surface? 


Every  day  is  moving  day  for  water, 
and  its  work  does  not  stop  at 
night.  In  every  river,  creek,  and 
brook,  water  is  running  downhill  to 
lower  places.  It  is  pulled  down  by  the 
force  of  gravity.  You  know  that  mov- 
ing water  can  make  other  things  move 
with  it.  If  you  throw  a stick  into  a 
river,  the  moving  water  carries  the 
stick  along.  As  the  water  in  streams 
flows  on  its  way,  it  takes  part  of  the 
earth’s  surface  with  it.  So  water  is 
one  of  the  giant  movers  that  change 
the  land. 

You  can  see  for  yourself  how  this 
change  takes  place.  Go  outdoors  some 
day  after  there  has  been  a heavy  rain 


or  when  the  snow  is  melting.  Notice 
what  happens  to  the  water.  Some  of 
it  soaks  into  the  ground,  and  some 
evaporates.  But  much  of  it  flows  off 
the  land  in  streams. 

Suppose  you  follow  a stream  from 
its  very  beginning.  At  first,  the  stream 
is  small.  As  it  flows  along,  it  is  joined 
by  other  small  streams.  Soon  it  makes 
a little  brook.  As  the  water  travels  on 
down,  other  little  brooks  join  it.  The 
brook  becomes  a good-sized  creek  that 
flows  through  a little  valley. 

By  this  time,  the  water  is  no  longer 
so  clear  as  it  was  when  the  rain  fell  or 
the  snow  melted.  It  has  become 
muddy.  Fill  a glass  full  of  water  from 
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this  stream.  Then  hold  it  up  to  the 
light  and  look  through  it.  You  can 
see  why  it  is  muddy.  Thousands  of 
tiny  specks  are  floating  in  the  water. 
They  are  bits  of  soil.  They  were 
washed  away  from  the  land  by  the 
water.  Now  let  the  glass  stand  for 
several  hours.  Notice  that  the  soil 
sinks  to  the  bottom. 

If  you  pour  the  water  back  into  the 
stream,  the  soil  will  again  start  on  its 
way  downhill  with  the  water.  Some 
of  the  soil  will  sink  to  the  bottom  of 
the  stream.  Some  may  be  carried  to  a 
river  or  even  to  the  ocean  before  it 
settles  to  the  bottom.  The  next  time 
it  rains,  see  if  you  can  find  a place 
where  water  has  moved  some  soil. 
Look  on  your  school  playground  or 
around  your  home.  Perhaps  you  can 
find  soil  that  was  washed  onto  the 
sidewalk  or  into  the  street. 

You  can  see  that  water  moves  soil 
if  you  have  a sand  table  in  your 
schoolroom.  Or  you  can  use  the  sand- 
box on  the  playground.  Make  a pile 
of  sand.  Then  pour  a bucket  of  water 
on  it.  Watch  the  water  run  down. 
Notice  that  the  water  moves  some  of 
the  sand  along  with  it. 

One  of  the  greatest  movers  of  soil  is 
the  Mississippi  River.  Look  at  the  pic- 
ture on  this  page.  It  shows  the  Missis- 
sippi River  and  the  streams  that  come 
together  to  make  it.  You  can  see  how 
the  small  streams  join  to  make  larger 
streams.  Notice  how  the  larger 
streams  come  together  to  make  the 
Mississippi.  The  water  in  all  these 


streams  is  moving  soil  from  higher 
places  to  lower  places.  Some  of  the 
soil  is  carried  from  the  northern 
United  States  all  the  way  to  the  Gulf 
of  Mexico,  which  is  part  of  the 
Atlantic  Ocean. 

In  one  day,  this  great  river  carries 
more  than  a million  tons  of  soil  into 
the  ocean.  If  men  tried  to  move  all 
this  soil  in  one  day,  they  would  need 
7500  big  trucks.  And  each  truck 
would  have  to  dump  a load  of  soil 
into  the  Gulf  of  Mexico  every  hour 
to  get  the  job  done. 

Not  all  of  the  soil  is  carried  to  the 
ocean.  Some  of  it  settles  to  the  bottom, 
or  bed , of  the  river.  As  time  goes  on, 
places  in  the  river  become  shallower 
and  shallower.  Sometimes  islands  are 
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After  you  have  read  these  two  pages,  tell  which  of  these  valleys  is  older. 


formed.  Trees  and  other  plants  grow 
on  the  islands.  At  other  times,  there 
are  floods.  Then  water  rushes  out 
over  the  banks  of  the  river  onto  the 
land.  Soil  settles  from  the  water. 
When  the  floods  are  gone,  much  rich 
soil  is  left  on  the  fields  along  the  river. 

When  water  flows  swiftly,  it  can 
move  things  bigger  than  bits  of  soil. 
Did  you  ever  watch  a stream  rushing 
down  a mountain?  If  you  looked  at 
the  bed  of  the  stream,  you  probably 
noticed  that  it  was  covered  with 
stones.  Many  of  the  stones  came  from 
farther  up  the  stream.  They  were 
broken  from  big  rocks.  Then  they 
were  rolled  along  by  the  water  as  it 
rushed  down  the  mountain. 


The  moving  water  wears  away  the 
stones.  As  the  water  rolls  them  over 
and  over,  they  rub  against  each  other. 
Tiny  bits  of  rock  are  broken  off,  and 
the  water  carries  them  away.  So  a 
piece  of  rock  high  up  on  a mountain 
can  be  slowly  ground  into  bits.  Then 
water  carries  these  tiny  pieces  down 
into  a valley,  where  they  make  part 
of  the  soil. 

Running  water  sometimes  uses 
stones  for  tools,  too.  As  the  water 
rolls  the  stones  along,  they  scrape 
against  the  bed  of  the  stream.  In  this 
way,  the  stones  dig  out  the  soil  on  the 
bottom.  A stream  that  flows  swiftly 
wears  away  its  bed.  As  the  years  go 
by,  the  bed  becomes  deeper  and 
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It  took  many  thousands  of  years  for  the  Colorado  River  to  dig  the  Grand  Canyon. 


deeper.  The  moving  water  makes  a 
valley.  At  first,  the  valley  may  be 
shaped  like  a V.  Then  the  valley  be- 
comes wider  and  flatter.  Look  at  the 
pictures  of  valleys  on  these  pages. 
You  will  see  several  kinds. 

One  picture  shows  the  deep  valley 
of  the  Colorado  River.  It  was  cut 
through  solid  rock.  In  places,  the  val- 
ley is  more  than  a mile  deep.  Such 
a deep  valley  as  this  is  called  a canyon. 
Thousands  of  years  ago,  the  Colorado 
River  began  to  dig  its  deep  bed.  In  one 
year,  this  big  river  does  not  make 
enough  change  in  the  earth’s  surface 
for  you  to  notice.  But  the  river  has 
flowed  over  the  land  for  many,  many 
years.  During  that  time,  it  has  carried 


away  millions  of  tons  of  rock  and 
made  this  great  canyon. 

In  some  parts  of  our  country,  caves 
have  been  cut  into  the  rock  below  the 
earth’s  surface.  Perhaps  you  have  vis- 
ited Mammoth  Cave  in  Kentucky, 
Luray  Caverns  in  Virginia,  or  Carls- 
bad Caverns  in  New  Mexico.  If  you 
have,  you  saw  another  way  in  which 
water  helps  change  the  earth’s  sur- 
face. Caves  like  these  are  formed 
where  the  rock  is  limestone. 

This  is  how  the  caves  are  made. 
Carbon  dioxide  in  the  air  dissolves  in 
water  on  the  earth’s  surface  and 
makes  an  acid.  The  water  with  the 
acid  in  it  runs  down  through  cracks 
in  the  limestone.  Then  a chemical 
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change  takes  place.  The  acid  changes 
the  limestone,  and  it  slowly  dissolves 
in  the  water.  As  the  water  carries  it 
away,  the  cracks  become  larger  and 
larger.  After  millions  of  years,  caves 
are  formed  in  the  rock. 

Water  will  also  dissolve  chemical 
compounds  that  are  in  the  soil.  Some 


of  these  compounds  are  given  out  by 
the  roots  of  plants.  Others  come  from 
plants  that  have  died  and  decayed. 
When  these  chemicals  are  dissolved 
in  water,  they  can  change  rocks.  Some 
rocks  are  softened.  Others  are  slowly 
dissolved.  Then  these  rocks  can  be 
broken  up  or  worn  away  more  easily. 


1.  After  there  has  been  a heavy  rain  or  when  snow  is  melting,  why 

are  streams  usually  muddy? 

2.  The  stones  found  along  rivers  are  usually  smooth  and  round . Why? 

3.  In  what  two  ways  does  moving  water  change  the  earth's  surface? 

4.  Explain  how  pieces  of  a big  rock  that  is  now  on  top  of  a mountain 

may  someday  be  at  the  bottom  of  the  ocean. 

5.  Why  is  the  bed  of  a mountain  stream  usually  covered  with  stones 

instead  of  mud? 

6.  How  are  caves  like  the  one  shown  on  this  page,  made  in  the  earth? 
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These  large  sand  hills  were  made  when  the  wind  moved  the  sand  and  piled  it  up. 


How  does  wind  change  the  earth’s  surface? 


You  cannot  see  one  of  the  great 
movers  of  the  earth’s  surface. 
But  you  can  feel  it,  and  you  can  see 
what  it  does.  Of  course,  this  mover 
is  wind.  You  know  that  wind  is  just 
moving  air.  It  can  turn  windmills  and 
push  sailboats.  And  it  can  move  parts 
of  the  land,  too. 

Perhaps  you  live  in  some  part  of 
our  country  where  there  have  been 
terrible  dust  storms.  Huge  clouds  of 
dust  are  blown  along  by  the  wind. 
The  dust  is  soil.  When  the  wind  blows 
over  dry  land,  it  picks  up  bits  of  soil 
and  carries  them  away.  In  these  dust 
storms,  thousands  of  tons  of  soil  have 


been  moved  from  one  place  to  an- 
other. Sometimes  the  soil  is  piled  over 
roads,  fences,  houses,  and  barns.  At 
other  times  it  may  be  carried  for  hun- 
dreds of  miles.  Soil  from  Kansas  and 
Oklahoma  has  been  blown  all  the  way 
to  New  England. 

In  some  places,  the  wind  piles  sand 
up  into  hills.  These  sand  hills  are 
called  dunes.  They  are  usually  formed 
along  the  shores  of  lakes  and  seas. 
At  the  southern  end  of  Lake  Michi- 
gan, there  are  dunes  over  200  feet 
high.  Dunes  sometimes  cause  damage 
when  the  wind  makes  them  move  in- 
land from  the  shore.  They  may  travel 
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This  rock,  called  Balanced  Rock,  is  in  the  Garden  of  the  Gods  in  Colorado.  Sand  blowing 
against  it  wore  away  the  soft  parts  and  left  the  rock  in  this  strange  shape. 


as  much  as  fifty  feet  in  a year.  As 
they  move  along,  they  bury  plants, 
streams,  roads,  and  houses.  But  when 
grass,  trees,  and  other  plants  cover 
these  sand  hills,  the  dunes  stop  mov- 
ing. 

If  you  have  a sand  table  or  a sand- 
box, you  can  see  how  dunes  are  made. 
Stick  a small  board  and  some  twigs 
in  the  sand  near  one  end  of  the  table 
or  box.  Set  a small  electric  fan  close 
to  the  sand.  Start  the  fan  and  watch 
what  happens  to  the  sand.  Does  the 
wind  from  the  fan  blow  the  sand 
along?  What  happens  to  the  sand 
when  it  hits  the  board  and  the  twigs? 

This  is  how  dunes  are  made.  The 
wind  picks  up  some  sand  and  carries 
it  along.  Then  the  moving  sand  comes 


to  a little  hill  or  to  some  bushes  or 
trees.  These  stop  the  sand,  and  it  falls 
to  the  ground.  Or  sometimes  the  wind 
slows  down.  Then  it  cannot  keep  the 
sand  in  the  air.  So  the  sand  drops.  As 
time  goes  on,  the  wind  carries  more 
and  more  sand  to  the  same  place.  The 
dune  becomes  bigger  and  bigger. 

Wind  changes  the  earth’s  surface  in 
still  another  way.  Look  at  some  sand 
with  a magnifying  glass.  You  will  see 
something  like  the  picture  on  this 
page.  Bits  of  sand  have  sharp  edges 
unless  water  has  worn  them  smooth. 
You  know  that  sandpaper  will  wear 
away  hard  wood  or  even  soft  metal. 
When  the  wind  blows  sand  against 
rock  year  after  year,  the  rock  is  slowly 
worn  away. 
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The  pictures  on  these  two  pages 
show  rocks  that  have  been  worn  away 
by  wind  and  sand.  For  hundreds  of 
years,  the  wind  has  blown  sand 
against  these  rocks.  The  softer  parts 
of  the  rocks  have  been  worn  away, 
and  the  harder  parts  have  been  left. 
That  is  why  these  rocks  have  such 
strange  shapes. 


Both  moving  air  and  moving  water 
change  the  earth’s  surface.  They 
carry  soil  and  bits  of  rock  from  one 
place  to  another.  They  break  up  rocks 
and  grind  them  to  pieces.  Scientists 
have  a name  for  all  this  wearing  away 
of  the  earth’s  surface.  They  call  it 
erosion.  It  is  one  of  the  ways  in  which 
the  earth’s  surface  is  changed. 


1.  Give  two  ways  in  which  wind  changes  the  earth’s  surface. 

2.  How  are  sand  dunes  made? 

3.  Tell  in  your  own  words  what  erosion  means. 

4.  Which  of  these  things  can  only  wind  do?  Which  can  only  water  do? 

Which  can  both  wind  and  water  do?  Explain  your  answers. 

a ) Move  sand  and  soil  from  one  place  to  another. 

b)  Move  rocks  from  one  place  to  another. 

c)  Wear  away  rocks  and  grind  them  to  bits. 

d)  Move  sand  and  soil  to  higher  places. 
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The  Athabaska  glacier  in  Canada  is  one  of  the  largest  glaciers  in  North  America. 


How  has  ice  changed  the  earth’s  surface? 


WHEN  WATER  FREEZES,  it  turns  to 

ice.  You  already  know  that 
freezing  water  can  split  rocks  into 
pieces.  Ice  changes  the  earth’s  surface 
in  other  ways,  too.  Like  wind  and 
water,  ice  causes  erosion.  It  can  move 
soil  and  rocks  from  one  place  to  an- 
other. And  it  can  also  make  lakes  and 
hills.  Let  us  see  how  these  things 
happen. 

Ice  covers  some  parts  of  the  earth’s 
surface  all  through  the  year.  Even 
in  summer,  it  is  not  warm  enough  for 
all  the  ice  to  melt  away.  The  land 
around  the  South  Pole  is  always  cov- 


ered with  ice.  In  some  places,  the  ice 
is  two  miles  thick!  A huge  sheet  of 
ice  covers  most  of  the  big  island  of 
Greenland  in  the  north  Atlantic 
Ocean.  This  sheet  of  ice  is  several 
thousand  feet  thick  near  the  center 
of  the  island.  Other  thick  layers  of  ice 
are  found  in  the  Rocky  Mountains  of 
Canada  and  in  Alaska. 

Scientists  have  a name  for  a sheet 
of  ice  that  covers  the  land.  They  call 
it  a glacier.  Strange  as  it  seems,  gla- 
ciers can  move.  But,  of  course,  they 
do  not  move  very  fast.  They  travel 
only  a few  feet  a year.  The  glaciers  in 
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Alaska,  Greenland,  and  the  regions 
near  the  South  Pole  slowly  push 
their  way  toward  the  ocean.  As  they 
move  along,  more  and  more  ice  is 
pushed  out  into  the  water.  At  last, 
huge  chunks  break  off  and  float  away 
as  icebergs.  In  the  mountains,  glaciers 
slowly  move  down  into  the  valleys.  It 
is  warmer  there.  So  the  ice  melts,  and 
the  water  flows  away  in  mountain 
streams. 

Thousands  of  years  ago,  much  of 
North  America  was  covered  with  ice 
just  as  Greenland  and  the  South  Pole 
are  today.  Down  from  the  north,  a 
glacier  slowly  moved  like  a huge  river 
of  ice.  It  pushed  its  way  over  Alaska 
and  Canada.  Then  it  spread  out  into 
what  is  now  the  United  States.  At 
last,  it  got  as  far  as  where  the  Ohio 
River  now  flows. 

As  the  glacier  moved  along,  it  wore 
away  the  earth’s  surface.  When  it 
came  to  a hill,  it  pushed  the  top  off. 


Then  it  crept  on  its  way,  carrying  a 
huge  load  of  soil  and  rocks  scraped 
from  the  hill.  When  it  came  to  big 
rocks,  it  dragged  them  along.  The 
rocks  rubbed  against  each  other  and 
against  the  earth.  Some  were  broken 
into  pieces  or  ground  to  bits.  Others 
were  flattened  or  scratched.  The  gla- 
cier pushed  forward  with  its  load.  It 
scraped  and  scooped  out  great  holes 
in  the  earth’s  surface.  And  it  leveled 
off  high  places.  On  and  on  it  went. 

After  many  thousands  of  years,  the 
weather  became  warmer.  The  glacier 
stopped  moving  forward.  Slowly  it 
began  to  melt  back.  There  was  much 
water  from  the  melting  ice.  The  water 
ran  down  into  the  low  places  that  the 
glacier  had  dug  in  the  earth.  This 
water  made  lakes.  The  Great  Lakes 
and  many  smaller  lakes  were  made 
in  this  way. 

As  the  glacier  melted  back,  it  left 
behind  its  load  of  soil  and  rocks.  In 
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This  pile  of  rocks  is  a moraine  that  was  left  at  the  end  of  a glacier. 


many  places,  a thick  layer  of  rich  soil 
was  left.  Some  of  the  best  farm  land 
in  our  country  was  made  in  this  way. 
Huge  rocks  that  were  dragged  all  the 
way  from  Canada  can  be  found  as  far 
south  as  the  Ohio  River.  In  some 
places,  the  glacier  made  high  hills. 
Ridges  of  rocks  were  left  at  the  sides 
and  the  end  of  the  glacier.  These 
ridges  are  called  moraines. 

Before  this  glacier  came  and  went, 
at  least  three  other  great  sheets  of  ice 
had  moved  down  from  the  north.  But 


scientists  do  not  know  much  about 
any  of  these  glaciers  except  the  last 
one.  The  map  on  page  79  shows  the 
parts  of  North  America  that  were  cov- 
ered by  the  last  glacier.  Did  it  cover 
the  place  where  you  live? 

Someday  you  may  take  a trip 
through  the  parts  of  our  country  that 
were  covered  by  the  last  glacier.  You 
will  see  the  moraines  left  by  the  great 
sheet  of  ice.  You  will  also  see  many 
lakes  in  the  holes  that  were  dug  out 
by  the  glacier. 


1.  Name  some  places  where  glaciers  are  found  today. 

2.  How  does  ice  move  soil  and  rocks  from  one  place  to  another? 

3.  Why  does  it  take  so  long  for  a glacier  to  make  changes  in  the 

earth’s  surface? 

4.  How  did  glaciers  help  make  lakes  and  hills? 

5.  What  is  a moraine? 
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How  do  volcanoes  build  up  the  earth’s  surface? 


For  millions  of  years,  erosion  has 
gone  on  all  over  the  earth’s  sur- 
face. Rocks  are  broken  up.  Hills  and 
mountains  are  worn  down.  Water  car- 
ries soil,  sand,  and  even  rocks  to  lower 
places.  Ice  does  the  same  thing.  Only 
wind  can  lift  sand  and  soil.  But  it 
cannot  lift  them  higher  than  a few 
hundred  feet. 

Perhaps  you  are  wondering  why 
the  earth  is  not  just  a big  level  plain 
by  now.  Here  is  the  reason.  Erosion 
does  level  off  the  land.  It  wears  down 
the  high  places,  and  it  fills  in  the  low 
places.  But  erosion  is  not  the  only 
way  in  which  the  earth’s  surface  is 
changed.  Other  changes  push  parts 
of  the  earth  up.  This  story  will  tell 
you  how  one  of  these  changes  in  the 
earth’s  surface  takes  place. 

One  day,  just  a few  years  ago,  a 
Mexican  farmer  was  working  in  his 
cornfield.  All  at  once,  he  felt  the 
ground  shake.  Then  he  heard  a 
strange,  rumbling  noise.  From  a small 
crack  in  the  earth,  a thick  cloud  of 
dust  poured  out  like  smoke.  The 
farmer  was  frightened.  He  ran  to  the 
little  village  of  Paricutin,  about  two 
miles  away. 

Later  that  day,  he  came  back  with 
some  people  from  the  village.  The 
crack  in  the  earth  was  now  a big  hole. 
Tons  of  hot  rocks  and  ashes  shot  out  of 
it  high  into  the  air.  Some  of  the  rocks 
and  ashes  fell  around  the  hole  and 
made  a sloping  pile  shaped  like  a cone. 


The  hot  rocks  and  ashes  kept  on 
piling  up.  In  three  days,  the  cone  was 
120  feet  high.  By  the  end  of  a week, 
it  had  grown  to  500  feet.  In  ten  weeks, 
it  was  1000  feet  high.  By  now,  it  is 
over  2000  feet  high  and  still  growing. 

The  cone  was  soon  filled  with  hot, 
liquid  rock.  It  flowed  over  the  top  and 
ran  down  the  sides.  In  places,  this 
stream  of  hot,  liquid  rock  was  fifty 
feet  deep.  Moving  about  twenty  feet 
an  hour,  it  traveled  for  seven  miles 
and  destroyed  two  villages. 

A new  volcano  had  been  formed! 
It  was  called  Paricutin  after  the  little 
village  nearby.  Scientists  came  from 
many  different  places  to  watch  it  build 
up  the  earth’s  surface.  They  are  keep- 
ing careful  records  of  what  happens. 
From  the  records,  they  hope  to  learn 
many  new  things  about  volcanoes. 

No  one  knows  just  how  a volcano 
is  made.  But  scientists  believe  that 
something  like  this  happens.  As  you 
know,  the  inside  of  the  earth  is  very, 
very  hot.  In  some  places,  it  is  so  hot 
that  solid  rock  melts  and  changes  to 
a liquid.  You  have  already  learned 
that  igneous  rocks  are  formed  from 
hot,  liquid  rock. 

Sometimes  the  liquid  rock  has 
steam  and  other  gases  in  it.  The  liquid 
rock  and  the  gases  are  lighter  than 
the  solid  rock  around  them.  So  the 
solid  rock  sinks.  This  forces  the  liquid 
rock  and  the  gases  up.  They  push 
against  the  rocks  above  them  with 
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Paricutin  grew  very  rapidly.  In  a jew  months,  this  huge  cone  of  ash  and  lava  had 
grown  up  where  there  had  been  only  a flat  cornfield. 


great  force.  If  there  is  a weak  spot  or 
a crack  in  the  earth’s  surface,  the 
gases  and  the  liquid  rock  pour  out. 
Then  a volcano  is  formed. 

If  the  weak  spot  or  the  crack  is 
small,  the  gases  and  the  liquid  rock 
cannot  get  out  fast  enough.  Then  the 
volcano  explodes.  We  say  that  it 
erupts.  Erupt  means  burst  out.  Hot 
rocks  and  ashes  shoot  into  the  air. 
The  material  that  looks  like  ashes  is 
called  volcanic  ash.  It  is  made  from 
rock  that  was  blown  to  bits  by  the 
explosion. 

Steam  from  a volcano  sometimes 
condenses  into  water  and  makes  mud 
out  of  volcanic  ash.  Then  it  “rains” 


mud  around  the  volcano.  The  wind 
carries  dry  volcanic  ash  to  places  far 
away.  Ash  from  Paricutin  fell  in  Mex- 
ico City,  200  miles  from  the  volcano. 
For  thirty-five  miles  around  the  vol- 
cano, there  is  a layer  of  ash.  In  some 
places,  it  is  nine  feet  deep.  As  it  piled 
up,  it  crushed  buildings  and  buried 
farms. 

Hot  rocks  and  volcanic  ash  fall 
around  the  hole  made  by  a volcano. 
They  form  a sloping  pile  shaped  like 
a cone.  Each  time  the  volcano  erupts, 
more  rocks  and  ash  are  added  to  the 
pile.  A mountain  builds  up  around  the 
hole.  The  top  of  the  mountain  is  hol- 
lowed out  like  a bowl.  This  hollow 
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This  picture  shows  what  a thick  layer  of  ash  has  fallen  around  Paricutin.  The  ash 
has  killed  the  trees  and  other  plants  and  has  buried  everything  in  the  countryside. 


place  in  the  top  of  the  mountain  is 
called  the  crater  of  the  volcano. 

Mount  Shasta  and  Lassen  Peak  in 
California,  Mount  Hood  in  Oregon, 
and  Mount  Rainier  in  the  State  of 
Washington  are  old  volcanoes.  All  of 
them  are  at  least  10,000  feet  high. 
These  old  volcanoes  do  not  erupt  any 
more.  But  Lassen  Peak  did  send  up 
steam  and  mud  about  thirty-five  years 
ago.  Beautiful  Crater  Lake  in  Oregon 
was  formed  when  water  filled  up  the 
crater  of  an  old  volcano. 

Rocks  and  ash  from  volcanoes  help 
build  up  the  earth’s  surface.  So  does 
the  hot,  liquid  rock  from  deep  inside 
the  earth.  This  hot,  liquid  rock  is 


called  lava.  It  pours  out  on  the  land. 
Then  it  cools  and  hardens  again  into 
solid  rock,  or  lava.  Not  all  the  lava 
comes  from  volcanoes.  Some  flows 
out  through  cracks  in  the  earth. 

Millions  and  millions  of  tons  of  lava 
have  poured  out  on  the  land  in  many 
parts  of  the  world.  In  some  places,  the 
lava  is  very  thick.  The  Snake  River 
in  Idaho  has  cut  a deep  canyon.  In  the 
walls  of  the  canyon,  scientists  have 
counted  thirty  different  layers  of  lava. 
Each  layer  was  formed  when  hot,  liq- 
uid rock  flowed  out  of  the  earth. 

If  you  live  in  Oregon,  Washington, 
Idaho,  or  California,  the  soil  in  parts 
of  your  state  was  once  inside  the 
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This  is  Crater  Lake  in  Oregon.  The  island  in  the  lake  was  made  by  a small  cone  that 
was  formed  in  the  center  of  the  crater. 


earth.  The  rock  from  which  this  soil 
was  made  came  out  of  the  earth  and 
spread  over  the  land.  In  some  places, 
volcanic  ash  settled  on  the  land  and 
was  slowly  changed  into  soil.  In  other 
places,  lava  flowed  over  the  land. 

After  the  rock  had  cooled,  it  was 
worn  down  and  broken  up.  The  wind, 


the  rain,  the  sun,  and  the  plants  slowly 
crumbled  the  hard  lava.  It  was 
changed  into  part  of  the  soil.  This  soil 
is  usually  very  rich.  In  Canada,  there 
is  a place  900  miles  long  and  100  miles 
wide  where  the  soil  was  made  from 
lava.  Much  of  the  rich  soil  in  the 
Hawaiian  Islands  was  made  from  lava. 


1.  Tell  in  your  own  words  how  a volcano  is  formed. 

2.  How  do  volcanoes  huild  up  the  earth’s  surface? 

3.  Why  does  it  sometimes  “rain”  mud  near  a volcano? 

4.  Is  lava  igneous  rock?  Why  do  you  think  so? 

5.  What  is  volcanic  ash  made  of? 

6.  An  old  volcano  no  longer  erupts.  How  do  you  think  scientists  know 

that  it  is  a volcano? 

7.  How  is  soil  made  from  rock  that  was  once  inside  the  earth? 
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How  are  mountains  made? 


Look  at  the  picture  at  the  right. 

It  shows  what  is  left  of  a fish  that 
lived  in  the  ocean  millions  of  years 
ago.  Scientists  call  it  a fossil , which 
means  the  hardened  remains  of  any 
animal  or  plant.  The  fossil  of  this  fish 
was  found  in  a sedimentary  rock  on 
a mountain  2000  feet  above  the  ocean. 
How  did  the  fossil  get  there? 

Scientists  know  that  the  fish  lived 
in  the  ocean.  When  it  died,  it  sank  to 
the  bottom  and  was  covered  with  sedi- 
ment. After  a long,  long  time  the  sedi- 
ment was  changed  to  rock.  But  how 
did  the  rock  with  the  fossil  in  it  get  up 
on  a mountain?  Scientists  believe  that 
some  great  force  or  forces  pushed  the 
rock  up  and  made  a mountain. 

What  the  forces  were  that  made 
mountains,  scientists  do  not  know. 
But  let  us  see  how  they  think  some 
mountains  were  made. 

Do  this  experiment.  Take  a sheet  of 
paper  and  lay  it  flat  on  your  desk  or 
a table.  Put  your  hands  on  the  ends 


of  the  paper  and  push  them  toward 
the  middle.  What  happens  to  the 
paper?  It  rises  in  a ridge  near  the 
middle. 

Scientists  believe  that  some  moun- 
tains were  made  in  this  way.  One  rea- 
son that  they  believe  it  is  this.  They 
have  found  layers  of  sedimentary  rock 
bent  up  like  the  ridge  in  the  paper. 
When  the  layers  of  rock  were  formed 
under  the  ocean,  they  were  not  bent. 
If  the  rock  had  been  pushed  straight 
up,  the  layers  would  not  be  bent.  So 
scientists  think  that  some  force 
pushed  sidewise  on  the  rock  and  bent 
the  layers  to  form  the  ridge. 
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How  are  these  mountains  different  from  the  ones  you  see  on  the  next  page? 


Just  how  this  sidewise  force  was 
produced,  scientists  do  not  know.  But 
one  thing  seems  to  help  explain  it. 
Rocks  found  under  the  ocean  are 
heavier  than  rocks  found  in  the  land. 
Scientists  think  that  the  heavier  rocks 
sank  and  pushed  against  the  lighter 
rocks.  Then  the  lighter  rocks  were 
bent  upward. 

Scientists  know  that  the  inside  of 
the  earth  is  much  hotter  than  the  out- 
side. They  think  that  the  outside  was 
once  much  hotter  than  it  is  now.  As 
the  outside  became  cooler,  it  con- 
tracted and  shriveled  up  like  the  skin 
of  a dried  apple.  This  left  cracks  and 
ridges  in  the  earth’s  surface.  If  this 
change  really  happened,  the  ridges 
would  be  the  mountains. 


In  our  country,  there  are  mountains 
in  the  east  and  mountains  in  the  west. 
The  mountains  in  the  west  were  made 
long  after  the  mountains  in  the  east 
were  made.  So  they  are  called  young 
mountains.  Scientists  believe  that  the 
young  mountains  in  the  west  are  still 
getting  bigger.  They  are  sure  that  the 
old  mountains  in  the  east  are  not  get- 
ting bigger.  These  mountains  were 
once  nearly  six  miles  high.  Now  they 
are  less  than  two  miles  high.  Do  you 
know  what  wore  them  down? 

Probably  you  are  wondering  how 
scientists  tell  whether  a mountain  is 
young  or  old.  You  know  that  erosion 
is  always  changing  the  earth’s  surface. 
Heat  and  cold,  wind,  water,  and  ice 
are  all  wearing  away  the  rocks.  But 
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The  old  mountains  in  the  eastern  part  of  our  country  look  like  these. 


young  mountains  have  not  been  worn 
down  so  much  as  old  mountains.  The 
young  mountains  are  still  sharp  and 


jagged.  The  old  mountains  have  be- 
come smooth  and  rounded,  as  you  can 
see  from  the  pictures. 


1.  Why  do  scientists  believe  that  some  mountains  were  made  when 

rocks  were  pushed  up? 

2.  How  can  scientists  tell  whether  a mountain  is  young  or  old? 

3.  Why  do  you  think  scientists  study  the  fossils  that  they  find  in 

rocks? 


How  can  we  conserve  the  soil? 


A thin  layer  of  soil  keeps  us  from 
starving.  Green  plants  grow  in 
the  soil.  From  it,  they  take  water  and 
minerals  to  use  in  making  their  food. 
All  things  that  live  on  land  get  food 
from  these  green  plants.  Or  they  get 


it  from  other  living  things  that  use  the 
green  plants  for  food. 

Besides  making  food,  green  plants 
supply  materials  for  clothing  and 
shelter.  Of  course,  you  know  that  we 
get  cotton  and  linen  from  these  plants. 
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Watch  to  see  if  there  are  any  places  that  look  like  this  near  your  home. 


But  did  you  ever  stop  to  think  that 
they  help  supply  us  with  wool  and 
leather?  We  get  wool  and  leather  from 
animals  that  eat  green  plants.  All  the 
wood  that  we  use  for  building  and  for 
fuel  comes  from  green  plants,  too. 

You  can  see  why  we  need  the  soil. 
Without  it,  there  would  be  no  green 
plants  to  keep  us  alive  and  comfort- 
able. But  do  you  understand  why  we 
must  conserve  the  soil?  Perhaps  you 
are  wondering  what  could  possibly 
happen  to  it. 

Our  country  once  had  more  than 
600  million  acres  of  good  farm  land. 
At  least  150  million  acres  have  al- 
ready been  ruined.  The  green  plants 
that  we  need  will  no  longer  grow 
there.  We  still  have  more  than  450 
million  acres  of  good  farm  land.  But 
all  but  about  80  million  acres  of  this 


land  has  been  damaged.  Today  our 
government  and  thousands  of  people 
are  fighting  a hard  battle  to  conserve 
the  soil  that  is  left.  Let  us  see  what 
puts  this  soil  in  danger. 

Ever  since  the  earth  was  formed,  y' 
its  surface  has  been  changing.  As  soon 
as  any  part  of  the  earth’s  surface  is 
built  up,  erosion  begins  to  wear  it 
down.  Rock  is  broken  up  and  carried 
away.  Some  of  the  rock  is  made  into 
soil.  Erosion  takes  thousands  or  even 
millions  of  years  to  wear  down  a 
mountain  of  rock.  But  it  can  carry 
away  soil  much  faster. 

Look  at  the  picture  on  this  page. 
Little  valleys,  called  gullies,  have 
been  made  in  the  side  of  a hill.  Can 
you  tell  what  made  them?  Rain  fell 
on  the  hard,  bare  ground.  It  could  not 
soak  into  the  soil  very  fast.  So  it  be- 
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The  dark  cloud  is  not  smoke.  It  is  a dust  storm  coming  toward  the  houses. 


gan  to  run  downhill  in  little  streams. 
It  carried  the  soil  along  with  it  and 
dug  gullies  in  the  hillside.  Erosion 
by  moving  water  is  at  work  here.  This 
erosion  is  not  slow.  It  takes  place 
much  faster  in  soil  than  in  solid  rock. 
In  only  a few  years,  tons  and  tons  of 
soil  are  carried  away  by  moving 
water.  No  wonder  a scientist  once 
said,  “Soil  is  rock  on  its  way  to  the 
ocean.” 

Water  can  easily  carry  soil  away 
from  a steep  hillside.  But  it  can  also 
carry  soil  away  from  a gently  sloping 
field.  This  happens  when  the  soil  is 
bare  or  when  the  crops  are  not  prop- 
erly planted.  Then  a farmer  can  no 
longer  use  the  field  to  grow  plants. 
The  thin  layer  of  soil  on  top  is  the 
only  place  where  plants  will  grow 
well.  They  cannot  grow  well  in  the 


soil  that  is  deeper  down.  When  the 
rich  soil  on  top  is  carried  away  or 
when  the  field  is  cut  up  with  gullies, 
the  land  is  almost  useless  for  growing 
crops. 

Erosion  also  moved  the  soil  in  the 
picture  on  this  page.  But  the  soil  was 
not  carried  by  moving  water.  Wind 
blew  it  away  from  nearby  farms.  The 
ground  was  bare,  and  the  soil  was  dry. 
Wind  picked  up  the  dry  soil  and  car- 
ried it  away.  Sometimes  the  wind  car- 
ries away  huge  clouds  of  dry  soil  and 
makes  dust  storms.  Erosion  by  wind 
does  the  most  damage  in  places  where 
there  is  not  much  rain. 

Hundreds  and  hundreds  of  farms 
have  been  ruined  by  erosion,  and 
many  more  have  been  badly  dam- 
aged. This  is  what  often  happens.  A 
farmer  has  a good  piece  of  land  with 
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rich  soil.  He  cuts  down  the  trees  to 
get  more  room  for  crops,  and  he  plows 
up  the  grassland.  His  cows,  sheep,  and 
other  farm  animals  eat  the  grass  in 
the  pasture  too  close  to  the  ground. 
Then  wind  and  water  carry  the  soil 
away. 

Scientists  say  that  it  takes  500  to 
1000  years  to  make  a layer  of  good 
soil  one  inch  deep.  In  a few  years,  ero- 
sion by  water  or  wind  can  carry  this 
thin  layer  away.  Nearly  four  billion 
dollars’  worth  of  soil  is  lost  from  our 
country  in  this  way  every  year.  Some- 
thing must  be  done  to  stop  erosion  of 
the  soil.  Let  us  find  out  how  it  can  be 
stopped. 

In  most  places,  erosion  by  moving 
water  does  much  more  damage  than 
erosion  by  wind.  Of  course,  no  one 
would  want  the  rain  to  stop  falling  or 
the  snow  to  stop  melting.  Plants  can- 


not grow  without  water,  as  you  know. 
So  some  way  must  be  found  to  keep 
the  water  from  carrying  away  the  soil. 
Running  water  must  be  made  to  walk. 

Huge  dams  have  been  built  across 
many  rivers  in  our  country.  The  dams 
control  the  flow  of  water  and  help 
prevent  floods.  But  by  the  time  water 
gets  into  the  streams,  it  has  already 
damaged  the  soil.  The  place  to  stop 
erosion  is  on  the  land.  Scientists  and 
farmers  have  worked  out  several  ways 
to  do  this. 

The  picture  on  this  page  shows  one 
way  to  stop  erosion  by  water.  Look 
at  the  picture  carefully.  Then  try  to 
tell  how  water  is  kept  from  carrying 
away  the  soil.  Do  you  see  that  the 
rows  of  crops  are  planted  across  the 
slopes  of  the  hills  instead  of  up  and 
down  the  slopes?  When  it  rains,  these 
rows  hold  the  water  back  like  tiny 
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dams.  Then  the  water  has  time  to  soak 
down  into  the  soil  instead  of  running 
off  and  carrying  the  soil  with  it.  This 
also  saves  much  water  for  the  plants 
to  use  in  growing. 

Plants  help  keep  the  soil  from  be- 
ing washed  away,  too.  Pour  a bucket 
of  water  on  a slope  that  has  no  plants 
growing  on  it.  The  water  that  runs 
down  to  the  bottom  of  the  slope  will 
be  muddy.  The  moving  water  has  car- 
ried some  of  the  soil  away.  Now  pour 
a bucket  of  water  on  a slope  that  is 
partly  covered  with  plants.  This  time 
the  water  carries  away  very  little  soil. 
The  roots  hold  the  soil  that  is  near 
the  plants. 

A thick  covering  of  grass  will  keep 
most  of  the  water  from  running  off 
the  land  after  a heavy  rain.  The  grass 
breaks  the  fall  of  the  water.  So  it 
strikes  the  ground  more  gently.  Very 
little  of  the  water  runs  off  into 


streams,  carrying  soil  with  it.  Most 
of  the  water  soaks  into  the  ground. 
Even  on  hillsides,  grass  makes  the 
water  flow  off  more  slowly.  Farmers 
plant  grass  on  hillsides  and  use  the 
grass  for  pasture. 

Like  grass  and  other  plants,  trees 
help  keep  water  from  running  off  the 
land  too  fast.  The  leaves,  twigs, 
branches,  and  trunks  break  the  fall  of 
the  water.  So  the  water  trickles  slowly 
to  the  ground.  Then  it  sinks  slowly 
through  a mat  of  dead  leaves  and 
branches  into  the  soil.  Very  little  of 
the  soil  is  washed  away,  and  much 
water  that  plants  need  is  saved. 

Plants  such  as  trees  and  grass  also 
help  keep  the  wind  from  carrying 
away  the  soil.  A row  of  trees  wil) 
break  the  force  of  the  wind.  Grass 
covers  the  soil  with  a net  of  roots 
and  holds  it  together.  Then  the  wind 
cannot  carry  it  away.  Wind  cannot 


The  vine  that  was  planted  in  this  gully  will  keep  the  soil  from,  washing  away  when 
it  rains. 


blow  soil  that  is  covered  by  forests 
or  thick  grass.  But  where  forests  have 
been  cut  or  burned  and  grasslands 
have  been  plowed,  wind  can  ruin 
thousands  of  acres  of  good  soil.  Look 
again  at  the  picture  on  page  89. 

Here  are  three  good  rules  to  follow 
if  you  want  to  keep  soil  from  being 
washed  or  blown  away.  Do  you  see 
why  they  are  good  rules? 

1.  Plant  trees  on  steep  slopes. 

2.  Plant  grass  on  rolling  slopes. 

3.  Plant  crops  on  gentle  slopes  and 
flat  land. 


Our  government  spends  millions  of 
dollars  every  year  to  prevent  erosion 
of  the  soil.  On  land  where  crops  will 
no  longer  grow,  trees  and  grass  are 
planted.  Farmers  are  urged  to  con- 
serve the  soil,  and  scientists  show 
them  how  to  do  it.  Much  good  work 
has  already  been  done  to  protect  the 
soil  from  erosion,  but  there  is  still  a 
great  deal  of  work  to  do.  Luckily  for 
us,  it  is  not  too  late  to  save  most  of 
the  soil.  One  scientist  said,  “We  have 
enough  soil  to  take  care  of  us  if  we 
take  care  of  the  soil.” 


1.  Why  must  we  conserve  the  soil? 

2.  In  what  two  ways  is  good  soil  carried  away? 

3.  How  can  we  help  stop  erosion  of  the  soil? 

4.  Cutting  down  trees  and  plowing  grasslands  have  done  much  dam- 

age to  the  soil.  Why? 

5.  Explain  why  cows,  sheep,  and  other  farm  animals  should  not  use 

the  same  pasture  year  after  year. 


QUESTIONS 

1.  Describe  the  land  near  you  and 
try  to  explain  how  it  is  changing. 

2.  Make  a list  of  the  changes  that 
take  place  on  the  earth’s  surface.  Then 
answer  these  questions  about  each 
change. 

a)  What  causes  the  change? 

b)  Is  the  change  fast  or  slow? 

c)  Is  it  taking  place  today? 

d)  When  does  the  change  take  place? 

e)  Have  you  ever  seen  the  change 
taking  place? 


TO  ANSWER 

3.  How  does  gravity  help  change  the 
earth’s  surface?  Think  of  as  many  ways 
as  you  can. 

4.  Explain  this  statement.  A grain 
of  sand  that  is  now  far  under  the  ocean 
may  someday  he  blown  about  by  the 
wind. 

5.  Some  boys  once  found  in  a stream 
what  they  thought  was  a round,  smooth, 
red  stone.  Their  teacher  told  them  that 
it  was  only  a piece  of  brick.  How  did 
it  get  so  smooth  and  round? 
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6.  Shale  and  sandstone  are  formed 
under  water.  How  did  the  materials  to 
make  them  get  there? 

7.  What  are  four  ways  in  which 
rocks  are  broken  up  and  ground  to 
pieces? 

8.  Is  erosion  always  harmful?  Give 
reasons  for  your  answer. 

9.  Here  are  some  words  that  you 
have  learned  in  this  unit.  In  your  own 


words,  explain  as  clearly  as  you  can 
what  each  one  means. 


river  bed 

sedimentary 

glacier 

volcano 

canyon 

dune 

erupt 

sandstone 


limestone 

erosion 

lava 

metamorphic 

crater 

fossil 

gully 

igneous 


THINGS  TO  DO 


1.  If  you  have  taken  a trip  through 
our  country,  tell  your  class  about  some 
of  the  things  you  saw  that  you  learned 
more  about  in  this  unit. 

2.  Find  out  what  happens  as  the 
Mississippi  River  empties  its  load  of 
soil  into  the  Gulf  of  Mexico. 

3.  If  you  can  get  a piece  of  lava, 
look  at  it  carefully. 

4.  Read  about  some  famous  volca- 
noes such  as  Vesuvius,  Etna,  Krakatoa, 
Pelee,  Chimborazo,  Mauna  Loa,  and 
Fujiyama. 

5.  Look  for  pictures  in  newspapers 
and  magazines  that  show  changes  in 
the  earth’s  surface.  Make  a scrapbook 
of  the  pictures.  Under  each  picture, 
write  a few  sentences  that  tell  what 
it  shows. 

6.  If  someone  in  your  class  has  vis- 
ited Grand  Canyon,  Bryce  Canyon,  or 


Yellowstone  Canyon,  or  some  other 
large  canyon,  ask  him  to  tell  the  class 
about  it.  Or  find  some  pictures  of  these 
canyons  and  look  for  the  river  at  the 
bottom  of  each  one. 

7.  Use  a hammer  to  break  a rock. 
Notice  how  sharp  the  edges  of  the 
pieces  are.  Is  the  rock  a different  color 
on  the  outside?  Why? 

8.  Collect  pictures  of  glaciers.  Find 
out  how  each  glacier  is  changing  the 
earth’s  surface. 

9.  Find  out  how  terracing,  strip 
cropping,  and  contour  plowing  prevent 
soil  erosion. 

10.  Read  to  find  out  how  winter 
cover  crops  such  as  rye  and  wheat  help 
prevent  erosion  of  the  soil. 

11.  Find  out  about  quartz,  mica, 
and  feldspar.  What  kinds  of  rocks  con- 
tain these  minerals? 
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* In  Unit  Four  You  Will  Learn  * 

* How  scientists  have  learned  about  germs  * 

* How  you  can  grow  bacteria  * How  germs  get  into  your  body  * 
* How  your  body  fights  germs  * 

* How  scientists  help  your  body  fight  germs  * 

* How  we  can  keep  germs  fir om  spreading  * 


How  Do  Germs  Make  You  Sick? 


A deadly  killer  was  at  work  when 
American  and  British  soldiers 
reached  Naples,  Italy,  in  September 
1943.  Hundreds  of  people  were  sick 
and  dying.  The  killer  was  a disease 
that  scientists  call  typhus.  During 
and  after  wars,  millions  of  people 
have  died  from  this  disease. 

Our  doctors  knew  what  might  hap- 
pen, and  they  were  ready  for  it. 
Within  a month  they  had  the  disease 
under  control.  Not  one  soldier  died 
from  typhus!  Most  of  the  people  in 
the  city  were  saved,  too.  Scientists 
had  discovered  how  to  stop  typhus. 
How  do  you  think  they  did  it? 

How  have  scientists 

You  already  know  more  about 
germs  than  the  greatest  scien- 
tists knew  100  years  ago!  You  have 
learned  what  germs  are  and  what 
they  do.  Germs  are  very  tiny  plants 


You  probably  want  to  learn  the 
answers  to  some  other  questions,  too. 
How  do  typhus  and  other  diseases 
make  people  sick?  Where  do  they 
get  the  diseases?  Can  the  diseases 
be  cured? 

The  girls  in  the  picture  on  page  94 
are  helping  scientists  find  the  answer 
to  the  last  question.  They  are  testing 
a new  drug  to  find  out  what  germs 
the  drug  will  kill  and  how  much  of 
the  drug  it  will  take. 

Make  a list  of  all  the  questions  that 
you  would  like  to  have  answered 
about  diseases.  As  you  study  this 
unit,  try  to  answer  your  questions. 

learned  about  germs? 

or  animals.  When  they  get  inside  your 
body  and  grow,  they  can  make  you 
sick.  Many  diseases  are  caused  by 
germs.  One  kind  of  germ  causes  one 
disease,  and  other  kinds  cause  other 
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diseases.  It  took  scientists  a long  time 
to  discover  these  things  about  germs. 
Let  us  see  how  they  did  it. 

The  story  really  begins  in  Holland 
nearly  300  years  ago.  Here  a man 
named  Anton  van  Leeuwenhoek 
had  a hobby  of  grinding  lenses.  A 
lens  is  a curved  piece  of  glass.  One 
day,  Van  Leeuwenhoek  put  two 
lenses  together.  When  he  looked 
through  them,  he  discovered  that  they 
made  things  appear  much  larger. 
With  these  lenses,  he  could  see  many 
things  that  could  not  be  seen  at  all 
with  the  naked  eye.  On  this  page  is 
a picture  of  Van  Leeuwenhoek  with 
one  of  his  lenses. 

Van  Leeuwenhoek  looked  at  many 
different  things  with  his  microscope 
to  see  what  he  could  discover.  He 
looked  at  a fly’s  head,  a bee’s  stinger, 


and  a hair  from  his  own  head.  One 
day,  he  put  a drop  of  pond  water 
under  the  lenses.  When  he  looked 
through  them,  he  called  to  his  daugh- 
ter in  surprise,  “See  these  thousands 
of  little  animals.”  He  was  the  first 
person  to  see  these  tiny  things.  He 
was  sure  that  they  were  alive,  because 
he  could  see  them  move.  But  that  is 
all  he  knew.  He  never  found  out 
what  these  things  are. 

Many  years  later,  scientists  discov- 
ered that  some  of  these  tiny  things 
were  really  plants  and  not  animals. 
They  were  the  kind  of  plants  we  call 
bacteria.  There  are  many  kinds  of  bac- 
teria. Most  of  them  are  harmless,  and 
some  of  them  are  even  helpful.  Bacte- 
ria make  cider  into  vinegar,  and  they 
change  milk  into  cheese.  They  also 
make  dead  animals  and  plants  decay. 
But  some  bacteria  are  very  harmful, 
as  you  know.  They  cause  many  of  the 
diseases  that  we  have.  These  harmful 
bacteria  are  germs. 

For  nearly  200  years  after  Van 
Leeuwenhoek  first  saw  bacteria,  no 
one  ever  imagined  that  they  could 
make  people  sick.  It  was  only  about 
100  years  ago  that  scientists  discov- 
ered that  some  diseases  are  caused  by 
bacteria.  Two  scientists  will  always  be 
famous  for  their  work  in  proving  that 
bacteria  cause  some  kinds  of  diseases. 
One  of  them  was  a French  scientist 
named  Louis  Pasteur.  The  other  was 
Robert  Koch,  a German  scientist. 

Pasteur  was  working  with  some 
tiny  plants  called  yeasts.  He  knew  that 
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yeasts  changed  the  sugar  in  grape 
juice  and  other  fruit  juices  to  alcohol. 
He  was  trying  to  find  out  why  these 
liquids  sometimes  spoiled.  When  he 
looked  at  them  under  a microscope, 
he  found  living  things  even  smaller 
than  the  yeast  plants.  These  tiny 
things  were  bacteria.  Then  he  looked 
at  some  sour  milk  with  a microscope 
and  found  some  other  bacteria.  Pas- 
teur began  to  wonder  whether  some 
diseases  might  be  caused  by  bacteria. 

Just  about  that  time,  Pasteur  was 
asked  to  find  out  why  so  many  silk- 
worms in  southern  France  were  dying 
from  a strange  disease.  Raising  silk- 
worms was  then  the  main  industry  of 
southern  France,  and  many  people 
earned  their  living  from  it.  If  the  silk- 
worms kept  on  dying  by  the  thou- 


sands, the  industry  would  be  ruined. 

Pasteur  studied  the  silkworms.  It 
was  easy  to  tell  which  ones  had  the 
disease.  Their  bodies  had  little  dark 
spots.  Pasteur  looked  at  these  spots 
under  a microscope  and  found  bac- 
teria in  them.  Then  he  fed  some  of 
these  bacteria  to  healthy  silkworms. 
They  also  got  the  disease!  Now  Pas- 
teur was  sure  that  the  only  way  to 
conquer  the  disease  was  to  get  rid  of 
the  bacteria.  He  did  this  by  having  all 
the  diseased  silkworms  killed  and 
their  eggs  destroyed. 

The  work  of  Pasteur  saved  the 
French  people  from  losing  an  indus- 
try that  was  worth  millions  of  dollars. 
But  even  more  important  than  that, 
Pasteur  had  proved  that  bacteria  can 
cause  a disease  in  an  animal.  Not 


The  picture  on  the  left  shows  Louis  Pasteur  in  his  laboratory.  The  other  picture  is  of 
Robert  Koch. 
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many  years  later,  Robert  Koch  proved 
that  bacteria  can  cause  some  of  the 
diseases  people  have.  The  world  owes 
a great  debt  of  thanks  to  these  scien- 
tists. Their  discoveries  have  given 
health  to  many  people  and  have  saved 
and  will  save  millions  of  lives. 

After  Pasteur  and  Koch  made  their 
discoveries,  diseases  were  studied  in  a 
new  way.  Scientists  began  to  do  ex- 
periments to  find  out  which  diseases 
were  caused  by  bacteria  and  just  what 
kind  of  bacteria  caused  each  of  the 
diseases.  The  experiments  were  done 
very  carefully.  They  had  to  be  done 
over  and  over  again  before  scientists 
were  sure  that  a certain  disease  was 
caused  by  just  one  kind  of  bacteria. 

As  the  years  went  by,  scientists  dis- 
covered the  kinds  of  bacteria  that 
cause  many  different  diseases.  One 
kind  of  bacteria  causes  tuberculosis, 
another  kind  causes  typhoid  fever, 
still  another  kind  causes  diphtheria, 
and  so  on  through  a long  list  of  dis- 


eases. Each  of  these  diseases  is 
caused  by  a certain  kind  of  bacteria. 

Scientists  also  found  that  bacteria 
are  not  the  only  plants  that  can  cause 
diseases.  Other  tiny  plants,  such  as 
some  yeasts  and  molds,  can  make  us 
sick  when  they  get  inside  our  bodies. 
So  these  plants  are  germs,  too.  Be- 
sides the  plant  germs,  scientists  have 
discovered  animal  germs.  These  are 
tiny  animals  that  are  almost  as  small 
as  bacteria.  One  kind  of  animal  germ 
causes  malaria,  and  another  kind 
causes  sleeping  sickness. 

There  are  still  many  diseases  that 
scientists  do  not  know  much  about. 
So  the  search  for  germs  still  goes  on. 
For  a long  time  after  plant  and  animal 
germs  were  discovered,  scientists 
tried  to  find  the  germs  that  cause  dis- 
eases like  colds,  influenza,  smallpox, 
mumps,  and  measles.  Scientists  now 
know  that  none  of  these  diseases  is 
caused  by  a plant  germ  or  an  animal 
germ.  They  have  found  that  each  of 
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DIPHTHERIA 


these  diseases  is  caused  by  a different 
virus. 

Scientists  are  not  sure  just  what 
a virus  is.  They  do  not  even  know 
whether  it  is  alive  or  not.  But  they 
do  know  that  viruses  are  much 
smaller  than  bacteria.  They  cannot  see 
viruses  with  the  kind  of  microscope 
they  use  to  look  at  bacteria.  Diseases 
that  are  caused  by  viruses  act  like 
diseases  caused  by  plant  and  animal 
germs.  So  viruses  are  usually  called 
germs,  too. 

You  must  not  get  the  idea  that 
every  disease  is  caused  by  some  kind 
of  germ.  Other  things  besides  germs 


can  make  you  sick.  You  know  that 
some  diseases  are  caused  by  eating  the 
wrong  kinds  of  food  or  by  not  eating 
enough  of  the  right  kinds.  Babies  may 
get  a disease  called  rickets  if  they  do 
not  get  enough  vitamin  D,  calcium, 
and  phosphorus.  Some  people  are  un- 
usually sensitive  to  fur,  feathers,  hair, 
wool,  pollen,  leaf  mold,  certain  kinds 
of  food,  and  many  other  things.  Any 
of  these  things  can  cause  a disease 
called  an  allergy.  There  are  still  other 
diseases  that  are  caused  by  worry  or 
fear.  Later  in  your  science  work,  you 
will  learn  more  about  these  other 
diseases. 


1.  What  are  germs?  Give  some  examples  of  different  kinds  of  germs. 

2.  Is  each  of  these  statements  correct?  Explain  your  answers. 

a)  All  germs  are  bacteria. 

b ) All  bacteria  cause  diseases. 

c)  All  diseases  are  caused  by  germs. 

3.  Tell  how  Pasteur  discovered  germs. 

4.  Why  is  the  work  of  Pasteur  and  Koch  important  to  you? 
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When  you  pour  the  food  into  the  Petri  dish,  lift  the  cover  just  enough  to  get  the  test 
tube  in.  Why  is  this  an  important  rule  to  follow? 


How  can  you  grow  bacteria? 


Scientists  had  to  do  many  experi- 
ments to  learn  about  bacteria.  You 
can  find  out  some  things  about  bac- 
teria by  doing  an  experiment,  too. 
You  can  grow  some  bacteria.  Be  sure 
to  follow  the  directions  carefully  as 
you  do  the  experiment. 

Get  six  glass  dishes  like  those  in  the 
picture.  They  are  called  Petri  dishes. 
Put  the  covers  on  the  dishes  and  put 
them  into  a hot  oven  for  about  an 
hour.  The  heat  will  kill  any  bacte- 
ria in  the  dishes.  When  you  take  the 
dishes  out  of  the  oven,  be  careful  not 
to  lift  the  covers. 

Now  get  some  food  ready  for  the 
bacteria  that  you  are  going  to  grow. 
Your  teacher  will  tell  you  how  to 
make  it  or  where  to  get  it.  Fill  six  test 
tubes  half  full  of  the  food.  Plug 
the  test  tubes  with  wads  of  cotton.  Be 
sure  that  the  cotton  wads  are  tight 
in  the  tubes.  Set  the  test  tubes  upright 


in  a pan  that  has  three  or  four  inches 
of  water  in  it.  Boil  the  tubes  for  about 
forty-five  minutes.  Then  the  heat  will 
have  killed  all  the  bacteria  in  the 
food.  We  say  that  the  heat  sterilizes 
the  food. 

Set  the  Petri  dishes  on  a table.  Be 
very  careful  to  follow  these  directions 
as  you  fill  the  dishes.  If  the  food  has 
hardened  in  the  test  tubes,  heat  the 
tubes  in  water  again.  Take  the  wad  of 
cotton  out  of  a test  tube,  lift  the  cover 
of  a dish,  and  pour  the  food  in. 
Quickly  cover  the  dish  again.  Empty 
the  food  from  a test  tube  into  each  dish 
in  this  way.  The  food  will  soon  harden 
in  the  dishes.  Then  you  will  be  ready 
to  grow  your  bacteria. 

It  will  be  easy  for  you  to  get  some 
bacteria  to  plant  in  the  dishes.  But 
be  careful  to  follow  these  directions 
for  planting.  Plant  Dish  1 by  lifting 
. the  glass  cover  of  the  dish  and  touch- 
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ing  the  food  with  a pencil.  Quickly 
put  the  cover  back  on  and  seal  it  with 
gummed  paper.  Put  a label  on  this 
dish  so  that  you  can  remember  how 
you  planted  it.  Seal  and  label  each 
dish  in  the  same  way  after  it  is 
planted. 

Plant  Dish  2 by  putting  a few 
drops  of  milk  on  the  food.  After  the 
dish  is  covered,  tip  it  from  side  to  side 
so  that  the  milk  spreads  over  the  sur- 
face. In  Dish  3 have  someone  touch 
the  food  with  his  fingers.  Leave  Dish 
4 open  to  the  air  for  a few  minutes 
so  that  the  air  can  touch  the  food. 
Plant  Dish  5 by  touching  the  food 
with  the  flat  side  of  a penny  or  other 
coin.  If  you  can  get  a fly  to  walk  across 
this  dish,  you  will  have  an  even  better 
planting  of  bacteria. 

Do  not  put  anything  in  Dish  6. 
Seal  the  dish  and  keep  it  sealed.  No 
bacteria  should  get  into  it.  Do  you 
know  why?  If  the  dish  is  kept  sealed 
and  no  bacteria  grow  in  it,  then  you 
can  be  sure  there  are  no  bacteria  in 
the  food.  If  no  bacteria  grow  in  this 
dish  but  do  grow  in  the  other  dishes, 
you  will  know  that  the  bacteria  in 
the  other  dishes  must  have  come  from 
the  pencil,  the  milk,  the  fingers,  the 
air,  and  the  coin  or  the  fly. 

Set  these  dishes  in  a warm,  dark 
place.  Do  not  look  at  them  for  at 
least  two  days  after  you  put  them 
away.  Then  you  will  probably  find 
that  your  dishes  look  like  the  pic- 
tures on  this  page.  The  fuzzy  places 
on  the  food  are  molds.  The  smooth, 
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round,  yellow  or  white  spots  in  your 
dishes  show  where  bacteria  are  grow- 
ing. Do  not  touch  these  bacteria  with 
your  fingers. 

If  you  lift  the  covers  of  the  dishes, 
you  will  find  that  the  dishes  where 
bacteria  are  growing  may  have  a very 
unpleasant  smell.  The  bacteria  are 
causing  chemical  changes  in  the  food. 
They  are  changing  the  materials  in 
the  food  into  other  materials.  Some  of 
these  materials  have  a bad  smell.  You 
know  that  some  of  the  things  you  use 
for  food  have  bad  smells  when  they 
spoil  or  decay.  Bacteria  are  using 
these  things  for  food  and  causing 
chemical  changes  in  them,  just  as 
they  change  the  food  in  your  bacteria 
dishes. 

When  germs  get  into  your  body, 
they  make  chemical  changes  take 
place.  These  chemical  changes  pro- 
duce the  materials  that  make  you  sick. 
Later  in  this  unit,  you  will  learn  more 
about  these  materials. 


If  you  can  look  at  some  bacteria 
through  a microscope,  you  will  see 
that  they  have  different  shapes.  Some 
bacteria  are  tiny  round  balls  like  the 
ones  in  the  picture.  Some  are  spiral 
like  a corkscrew,  and  others  look  like 
rods.  But  whatever  shape  they  have, 
the  bacteria  are  all  alike  in  one  way. 
Each  of  these  bacteria  is  just  one  cell. 
You  know  that  cells  are  the  tiny 
blocks  from  which  all  living  things 
are  made.  Your  own  body  is  made  up 
of  billions  of  cells,  but  each  of  these 
bacteria  is  only  one  cell.  Some  of  them 
are  so  tiny  that  it  would  take  thou- 
sands of  them  to  cover  the  period  at 
the  end  of  this  sentence.  One  spot  in 
your  dish  contains  millions  of  bacteria. 

Bacteria  have  a very  simple  way 
of  making  more  bacteria  like  them- 
selves. They  multiply  by  dividing! 
Each  tiny  plant  divides  into  two 
smaller  plants.  These  soon  grow  to 
full  size,  and  then  each  one  divides 
again.  All  this  happens  very  quickly. 
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CHAINS 
OF  BALLS 


SPIRALS 


One  of  the  bacteria  may  grow  and 
split  into  two  parts  in  less  than  half 
an  hour.  Suppose  that  you  figure  out 
how  many  bacteria  there  would  be  in 
twelve  hours  if  each  one  grew  and 
divided  every  half  hour.  The  table 
below  will  show  you  how  to  start. 


Hours 

Bade 

y2 

2 

i 

4 

iy2 

8 

2 

16 

21/2 

32 

3 

64 

31/2 

128 

In  twelve  hours,  there  would  be 
millions  of  bacteria,  as  you  can  see. 
Millions  of  these  one-celled  plants  are 
growing  in  the  gardens  that  you  made. 
Bacteria  multiply  so  fast  that  billions 
of  them  are  produced  every  twenty- 
four  hours. 

You  know  that  there  are  some  very 
tiny  animals  that  cause  diseases.  What 
you  have  just  learned  about  bacteria 
is  also  true  of  these  animal  germs. 
They  multiply  very  fast.  They  cause 
chemical  changes  inside  your  body, 
too.  The  materials  that  are  produced 
by  these  chemical  changes  can  make 
you  sick. 


1. 

2. 

3. 

4. 

5. 

6 . 


Why  did  you  have  to  heat  the  Petri  dishes  in  a hot  oven? 

Why  were  the  test  tubes  plugged  with  cotton  wads  and  then 
heated? 

Why  was  one  of  the  dishes  not  planted? 

How  are  all  bacteria  alike?  How  are  they  different? 

How  do  bacteria  make  more  plants  like  themselves? 

Why  should  a doctor  know  about  bacteria? 
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How  do  germs  get  into  your  body? 

Before  germs  can  make  you  sick, 
they  must  get  inside  your  body 
and  grow.  But  how  do  germs  get  into 
your  body?  They  cannot  walk  or  fly. 
So  they  must  get  inside  your  body  in 
other  ways.  There  are  several  ways 
that  they  do  this. 

If  you  grew  some  bacteria,  you 
found  that  bacteria  were  on  the  pencil, 
the  fingers,  and  the  coin.  They  were  in 
the  milk  and  air,  too.  Bacteria  are  on 
or  in  almost  everything.  Of  course, 
not  all  of  these  bacteria  are  germs. 
But  some  of  them  are  germs.  Any- 
thing you  touch  may  have  germs  on  it. 

You  know  that  a cut  or  burn  is  dan- 
gerous because  it  makes  a break  in 
your  skin.  Even  a scratch  may  be  an 
open  door  for  germs  to  get  into  your 
body.  Germs  are  in  the  air,  and  they 
are  on  your  skin  and  clothing.  If  there 
is  any  opening  in  your  skin,  germs 
can  get  into  your  body  and  begin  to 
grow. 

Coughing  and  sneezing  spread 
germs.  If  a person  does  not  cover  his 
mouth  and  nose,  the  spray  from  a 
hard  cough  or  sneeze  may  travel  ten 
or  fifteen  feet.  You  may  breathe  germs 
in  this  spray  into  your  body.  Or  you 
may  eat  some  food  that  this  spray 
has  settled  on.  Colds,  influenza,  tu- 
berculosis, and  several  other  diseases 
are  often  spread  by  coughing  and 
sneezing. 

Some  people  have  a bad  habit  of 
putting  their  fingers  or  pencils  in  their 
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mouths.  Or  they  bite  their  fingernails. 
Their  fingers  have  touched  things  that 
probably  have  germs  on  them.  These 
people  help  the  germs  get  into  their 
bodies.  You  do  the  same  thing  if  you 
eat  without  first  washing  your  hands 
thoroughly. 

Germs  escape  from  a sick  person 
in  anything  that  comes  from  his  body. 
They  are  in  the  air  he  breathes  out, 
in  the  saliva  from  his  mouth,  in  the 
discharges  from  his  nose,  and  in  any- 
thing else  that  comes  from  his  body. 
Things  that  a sick  person  has  touched 
and  dishes  that  he  has  used  may  have 
germs  on  them.  Handling  these  things 
may  spread  germs.  If  you  eat  from 
the  dishes  before  they  have  been  prop- 
erly cleaned,  germs  may  get  into  your 
body. 

Germs  can  get  into  your  body  when 
you  have  not  even  been  near  a sick 
person.  Here  is  one  way  that  this  hap- 
pens. Germs  get  into  your  body  when 
you  drink  impure  water.  The  germs 
that  cause  typhoid  fever  are  often 
found  in  water.  They  get  into  the 
water  from  the  body  of  some  person 
who  is  sick  with  the  disease.  Before 
scientists  discovered  that  typhoid 
germs  can  live  in  water,  the  disease 
was  much  more  common  than  it  is 


now. 

Germs  are  also  spread  in  impure 
milk.  You  know  that  you  should  drink 
at  least  one  quart  of  milk  every  day 
because  it  is  such  a good  food.  It  is  a 
good  food  for  germs,  too.  If  cows  and 
cow  barns  are  dirty,  germs  get  into 
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This  cabinet  has  a special  kind  of  light  that  will  kill  any  germs  on  the  glasses. 


the  milk  that  people  drink.  Dirty  milk 
cans  and  bottles  may  also  have  germs 
in  them. 

Sometimes  the  cows  or  the  people 
who  milk  them  are  sick.  If  a person 
with  tuberculosis  handles  milk,  the 
milk  may  have  the  germs  in  it.  Cows 
can  get  tuberculosis,  just  as  people  do. 
Milk  from  these  cows  always  has  tu- 
berculosis germs  in  it.  Typhoid  fever, 
diphtheria,  and  scarlet  fever  are  other 
diseases  that  are  spread  in  impure 
milk. 

Other  foods  besides  milk  may 
spread  germs.  If  you  eat  meat  from 
a sick  animal,  you  may  get  the  same 
disease  the  animal  had.  Fruits,  vege- 
tables, and  other  foods  from  dirty 
stores  may  have  germs  on  them.  Do 
you  know  one  way  that  germs  often 
get  on  food? 


If  a fly  walked  on  one  of  the  dishes 
you  planted,  you  found  bacteria  grow- 
ing where  its  feet  had  touched  the 
food.  Look  at  a fly  with  a magnifying 
glass.  You  can  see  thousands  of  tiny 
hairs  on  its  legs.  Germs  and  dirt  that 
stick  to  these  hairs  are  carried  far  and 
wide. 

Flies  lay  their  eggs  and  get  their 
food  in  dirty  places.  They  often  live 
in  garbage,  manure,  and  rubbish. 
Germs  live  there,  too.  Flies  get  the 
germs  on  their  legs.  Then  they  go  into 
homes  and  stores,  and  they  light  on 
food  with  their  load  of  germs.  The 
germs  have  only  a short  trip  to  make 
when  we  eat  the  food.  They  are  soon 
inside  our  bodies.  Because  flies  often 
carry  typhoid  germs,  they  are  some- 
times called  typhoid  flies.  Flies  also 
spread  tuberculosis. 
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A fly  walked  around  on  this  Petri  dish, 
bacteria  to  make  a trail  like  this? 

Germs  often  “hitchhike”  on  other 
insects  besides  flies.  One  kind  of  mos- 
quito carries  malaria  germs,  and  an- 
other kind  carries  the  germs  of  yellow 
fever.  The  mosquitoes  pick  up  the 
germs  when  they  bite  a sick  person 
and  suck  his  blood.  If  one  of  these 
mosquitoes  bites  a well  person,  some 
of  the  germs  go  into  his  blood.  Then 
he  gets  sick  with  the  disease.  To  keep 
malaria  from  spreading,  we  must  kill 
these  mosquitoes. 


Can  you  see  how  its  legs  can  carry  enough 

Lice  and  fleas  also  spread  germs. 
They  bite  a sick  person  or  animal  and 
suck  the  blood.  This  blood  has  germs 
in  it.  When  they  bite  a well  person, 
the  germs  get  into  his  blood  and  give 
him  the  disease.  Rats  and  mice  carry 
the  lice  and  fleas  from  one  place  to 
another.  When  people  are  dirty  and 
crowded  together,  the  lice  and  fleas 
often  get  on  their  skins  and  into  their 
hair.  The  deadly  disease  called  typhus 
is  spread  in  this  way. 


1.  How  do  germs  get  into  your  body?  Give  as  many  different  ways 

as  you  can. 

2.  Why  is  it  not  safe  to  drink  from  a cup  or  glass  that  another  person 

has  just  used? 

3.  You  should  cover  your  mouth  and  nose  with  a handkerchief  when 

you  cough  or  sneeze.  Why? 

4.  Look  at  the  pictures  on  pages  104  and  105.  Which  pictures  show 

ways  of  keeping  germs  from  getting  into  your  body?  Explain 
your  answer. 

5.  Why  should  you  always  wash  your  hands  before  eating? 
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How  does  your  body  fight  germs? 


It  is  always  best  to  cover  a cut  or  a scratch 
as  soon  as  you  can. 


Perhaps  you  are  wondering  why 
you  are  not  sick  most  of  the  time. 
There  are  so  many  different  kinds  of 
germs,  and  they  seem  to  be  in  or  on 
nearly  everything.  You  may  think 
that  your  body  has  not  much  chance 
of  staying  well.  But  your  body  has 
ways  of  keeping  germs  out.  It  can  also 
fight  them  after  they  get  in. 

The  skin  that  covers  you  from  head 
to  toe  keeps  many  germs  from  ever 
getting  inside  your  body.  As  long  as 
there  are  no  breaks  in  your  skin, 
germs  cannot  get  through  it.  That  is 
why  you  should  try  not  to  cut  or  burn 
yourself.  If  you  do  get  a cut  or  burn, 
take  care  of  it  at  once.  Wash  off  any 
dirt  and  cover  the  broken  skin  with 


a clean  bandage.  You  should  take  a 
warm  bath  or  shower  at  least  twice 
a week  to  keep  your  skin  clean. 

The  air  you  breathe  has  germs  in  it. 
Some  of  them  are  on  the  bits  of  dust 
that  come  in  with  the  air.  But  your 
body  has  ways  of  keeping  many  of 
these  germs  out.  Hundreds  of  tiny 
hairs  in  your  nose  stop  some  of  the 
germs.  Other  germs  are  caught  in  a 
sticky  liquid  in  your  nose.  You  force 
these  germs  out  of  your  body  when 
you  blow  your  nose.  Be  sure  to  blow 
your  nose  gently,  or  you  may  force 
the  germs  up  into  your  ears.  Cough- 
ing and  sneezing  also  get  germs  out 
of  your  body. 

In  spite  of  everything  that  your 
body  does  to  keep  them  out,  some 
germs  do  get  inside.  Where  do  they 
go  after  they  get  in?  That  depends  on 
what  kind  of  germs  they  are.  Germs 
go  where  they  can  live  and  grow  best. 
Some  kinds  can  live  only  in  certain 
parts  of  your  body.  Pneumonia  germs 
live  best  in  your  lungs.  Tuberculosis 
germs  can  live  in  your  lungs  and  some 
other  parts  of  your  body.  Some  kinds 
of  germs  grow  best  in  your  throat. 
Other  kinds  grow  in  your  blood, 
bones,  muscles,  or  nerves.  Some  kinds 
grow  almost  anywhere  in  your  body. 

When  the  germs  get  to  a place 
where  they  can  grow,  they  begin  to 
divide  and  multiply.  You  know  that 
this  happens  very  fast.  Some  kinds  of 
bacteria  can  grow  to  full  size  and  di- 
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vide  in  twenty  minutes.  But  germs 
cannot  grow  without  food.  They  use 
the  materials  in  your  body  for  food. 
Germs  must  live  where  they  can  get 
the  kind  of  food  they  need.  That  is 
why  some  kinds  of  germs  can  live 
only  in  certain  parts  of  your  body. 

After  germs  have  multiplied  in  your 
body  for  some  time,  you  begin  to  know 
that  they  are  there.  Germs  make  poi- 
sons as  they  grow  and  divide  in  your 
body.  These  poisons  are  called  toxins. 
They  may  make  some  part  of  your 
body  sore  and  red.  This  happens  when 
you  have  a boil.  The  toxins  may  get 
into  your  blood  and  then  be  carried 
all  through  your  body.  You  may  have 
a headache,  a fever,  and  sore,  red  eyes. 
Your  body  is  out  of  order.  Germs  are 
using  the  materials  in  your  body  for 
food.  They  are  making  toxins  and 
pouring  them  into  your  blood. 

Your  body  fights  back  with  its  own 
weapons.  Do  you  know  what  they 
are?  In  your  blood,  there  are  white 
cells.  The  white  cells  are  also  called 
white  corpuscles.  Corpuscle  means 
little  body.  The  white  corpuscles  are 
powerful  enemies  of  germs.  You  know 
that  blood  flows  to  every  part  of  your 
body.  So  these  germ  fighters  go  every- 
where in  your  body,  too. 

Whenever  germs  get  inside  your 
body,  the  white  corpuscles  gather  at 
the  place  where  the  germs  are.  The 
white  corpuscles  are  so  small  that 
they  can  pass  out  of  the  blood  ves- 
sels and  into  the  cells.  When  they  get 
to  the  germs,  the  battle  begins.  The 


white  corpuscles  kill  the  germs  by 
eating  them. 

If  your  body  is  well  and  strong,  it 
will  usually  have  enough  white  cor- 
puscles to  kill  the  germs.  These  white 
cells  in  your  blood  have  often  kept 
you  from  getting  sick,  because  they 
killed  the  germs  quickly.  But  some- 
times germs  multiply  so  fast  that  the 
white  corpuscles  cannot  fight  them 
successfully.  Then  the  germs  make 
you  sick. 

There  is  still  another  way  that  your 
body  fights  germs.  Certain  cells  in 
your  body  make  materials  that  are 
poured  into  your  blood.  Some  of  these 
materials  make  germs  more  appetiz- 
ing to  the  white  corpuscles.  They  are 
somewhat  like  the  sugar  and  cream 
you  put  on  breakfast  food  to  make  it 
taste  better.  Some  of  these  materials 
kill  germs.  Others  change  the  toxins 
and  make  them  harmless.  The  mate- 

These  are  blood  cells.  The  three  largest 
cells  are  white  corpuscles. 
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rials  that  do  this  are  called  antitoxins.  germ  fighters  more  easily  if  it  is 

Anti-  means  against,  and  toxin  means  healthy.  So  you  see  another  impor- 

poison.  Your  body  makes  all  of  these  tant  reason  for  building  a strong  body. 


1.  How  does  your  body  keep  some  germs  from  getting  inside? 

2.  Why  do  germs  make  you  sick? 

3.  How  does  your  body  fight  germs  that  get  inside? 

4.  What  is  a toxin?  What  is  an  antitoxin?  Which  one  does  your  body 

make?  Which  one  do  germs  make? 


How  do  scientists  help  your  body  fight  germs? 


Not  many  years  ago,  smallpox 
was  a very  common  disease. 
Thousands  of  people  died  from  it 
every  year.  Those  who  got  it  and  lived 
were  left  with  ugly  marks  on  their 
bodies.  Today,  smallpox  is  no  longer 


a common  disease.  Scientists  know 
how  to  keep  us  from  getting  it.  Do 
you  know  what  they  do  to  help  our 
bodies  fight  this  disease? 

Almost  every  boy  and  girl  in  your 
school  has  been  vaccinated  against 
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smallpox.  When  you  are  vaccinated, 
a doctor  puts  a liquid  into  your  body. 
This  liquid  is  called  a vaccine.  It  is 
put  into  your  body  to  keep  you  from 
getting  the  disease.  The  vaccine  makes 
your  body  produce  antitoxins.  If 
smallpox  germs  get  into  your  body, 
the  antitoxins  will  make  the  toxins 
that  the  germs  produce  harmless. 
Then  the  white  corpuscles  in  your 
blood  will  have  time  to  kill  the  germs 
before  they  can  multiply  very  much. 

The  antitoxins  stay  in  your  body 
for  about  seven  years.  During  this 
time,  they  protect  you  from  small- 
pox. After  seven  years,  you  should  be 
vaccinated  again.  You  can  also  be  vac- 
cinated against  typhoid  fever,  influ- 
enza, and  several  other  diseases.  A 


short  time  before  American  and  Brit- 
ish soldiers  went  into  Italy,  a vaccine 
for  typhus  was  discovered.  In  other 
wars,  more  soldiers  were  killed  by 
typhus  than  were  killed  by  bullets. 
But  this  time  not  one  soldier  died 
from  the  disease.  The  vaccine  saved 
thousands  of  lives. 

Scientists  have  another  way  of 
helping  your  body  fight  germs.  They 
use  another  kind  of  liquid  to  do  this. 
This  liquid  is  called  a serum.  It  con- 
tains antitoxins  that  make  the  toxins 
produced  by  germs  harmless.  When 
the  serum  is  put  into  your  body,  the 
antitoxins  are  ready  to  help  the  white 
corpuscles  fight  germs. 

Serums  are  made  in  a very  interest- 
ing way.  To  make  the  serum  for  diph- 
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Blood  from  these  horses  will  give  anti- 
toxins. 


theria,  scientists  put  some  of  the 
toxins  made  by  diphtheria  germs  into 
a horse.  The  body  of  the  horse  makes 
antitoxins  and  pours  them  into  the 
blood.  Then  some  of  this  blood  is 
taken  from  the  horse.  The  serum  that 
is  made  from  the  horse’s  blood  has 
the  antitoxins  in  it. 

Serums  and  vaccines  keep  you 
from  getting  certain  diseases.  Scien- 
tists have  also  discovered  materials 
that  will  cure  certain  diseases  after 
you  get  them.  You  have  probably 
heard  about  the  “sulfa”  drugs.  They 


are  some  of  our  best  germ  killers. 
They  have  cut  the  deaths  from  some 
diseases  to  less  than  one  third  of  what 
they  used  to  be. 

The  first  sulfa  drug  was  made 
about  forty  years  ago.  But  for  a long 
time,  no  one  knew  that  it  would  help 
kill  germs.  Then  a little  over  ten 
years  ago,  a scientist  discovered  that 
it  would  cure  certain  diseases  caused 
by  bacteria.  Some  of  these  diseases, 
such  as  pneumonia,  killed  thousands 
of  people  every  year.  Since  that  time, 
other  scientists  have  made  many  dif- 
ferent sulfa  drugs.  Each  kind  is  best 
for  a certain  disease.  When  bacteria 
take  a sulfa  drug  into  their  bodies, 
they  stop  growing  and  do  not  divide. 
Then  the  white  corpuscles  kill  the 
bacteria. 

An  even  newer  drug  works  better 
than  the  sulfa  drugs  in  curing  some 
diseases.  This  drug  is  called  penicillin. 
It  is  produced  by  a green  mold  plant. 
Penicillin  kills  germs  in  about  the 
same  way  that  sulfa  drugs  do,  but  it 
is  less  dangerous  for  a person  to  take. 
Remember  that  penicillin  and  the 
sulfa  drugs  are  new  discoveries. 
Scientists  still  have  a great  deal  to 
learn  about  using  them.  Never  take 
any  of  these  drugs  unless  a doctor 
tells  you  to. 


1.  What  is  a vaccine?  How  does  it  help  your  body  fight  germs? 

2.  What  is  a serum?  How  does  it  help  your  body  fight  germs? 

3.  Thousands  of  people  who  might  have  died  during  the  last  ten 

years  are  alive  today.  Why  do  you  think  this  is  true? 
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How  can  we  keep  germs  from  spreading? 


Your  body  fights  germs,  and  sci- 
entists have  discovered  many 
ways  to  help  it  fight  them.  But  there 
is  a better  way  to  control  germs.  Do 
you  know  what  it  is?  Stop  and  think 
how  germs  get  into  your  body.  If  we 
keep  germs  from  spreading,  we  can 
prevent  them  from  making  people 
sick. 

A town  once  used  this  sign  to  adver- 
tise itself  to  travelers.  “Millville  is  the 
most  sanitary  town  in  this  state.’’ 
Sanitary  means  clean  and  free  from 
germs.  If  you  were  planning  to  make 
your  town  a very  sanitary  place  to 
live,  what  would  you  do? 

First,  you  probably  would  think  of 
all  the  ways  that  germs  are  spread. 
Then  you  would  try  to  think  of  ways 
to  keep  them  from  spreading.  You 
know  that  water,  milk,  and  food  can 
spread  germs  if  they  are  not  kept 
clean  and  pure.  What  can  we  do  to 
keep  water,  milk,  and  food  free  from 
germs? 

The  water  you  drink  may  come 
from  a lake,  a river,  or  a well.  Sup- 
pose that  it  comes  from  a very  muddy 
river.  Animals  have  lived  and  died  in 
the  water  of  the  river,  and  their  bodies 
have  decayed  in  it.  Dirt  gets  into  the 
river  from  all  along  the  river  banks. 
If  there  are  towns  on  the  river,  germs 
from  sick  people  probably  get  into  the 
water.  How  can  this  dirty  water  that 
is  full  of  germs  be  made  pure  and  safe 
for  drinking? 


You  can  find  one  way  to  make  the 
water  pure  by  doing  an  experiment. 
Tie  a cloth  over  the  bottom  of  a lamp 
chimney  or  fasten  it  with  a rubber 
band.  Pour  some  coarse  gravel  into 
the  chimney  until  you  have  a layer 
about  three  inches  deep.  Then  put  in 
sand  until  it  is  about  two  inches  from 
the  top.  Hold  the  lamp  chimney  over 
an  empty  glass.  Then  pour  a glass  of 
muddy  water  into  the  chimney.  Look 
at  the  water  that  comes  through  the 
sand  and  gravel  into  the  glass  below. 
Then  pour  this  water  into  the  chim- 
ney again  and  let  it  run  through  into 
the  glass.  Is  the  water  in  the  glass 
clear  now? 

This  way  of  taking  dirt  out  of  water 
is  called  filtering.  Do  not  drink  the 
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The  water  is  being  sprayed  into  the  air  so  that  sunshine  and  the  oxygen  in  the  air  can 
help  purijy  it. 


water  you  have  filtered.  It  may  not  be 
pure  even  though  it  looks  clear.  When 
water  is  filtered  for  a town  or  city,  it 
runs  through  much  more  sand  and 
gravel  than  you  used.  In  the  filtering 
plant  of  a city,  there  are  big,  deep 
layers  of  sand  and  gravel  that  take 
dirt  and  some  germs  out  of  the  water. 
Of  course,  the  sand  and  gravel  have 
to  be  cleaned  now  and  then. 

Another  way  to  make  water  pure 
is  to  spray  it  into  the  air.  Germs  do 
not  live  well  in  sunshine  and  fresh  air. 
When  water  is  sprayed  into  the  air, 
sunlight  and  oxygen  kill  many  of  the 
germs.  Still  another  way  to  make 
water  pure  is  to  add  chemicals  that 
kill  germs.  A gas  called  chlorine  is 
often  used.  A very  small  amount  of 
chlorine  will  kill  the  germs  in  thou- 
sands of  gallons  of  water.  Many  cities 


use  filtering,  spraying,  and  chemicals 
to  get  pure  water.  The  water  is  tested 
every  day,  or  several  times  a day,  to 
make  sure  that  the  germs  have  been 
taken  out  or  killed. 

Water  can  also  be  made  pure  by 
boiling  it.  You  can  use  this  way  in 
your  home.  But,  of  course,  a city 
could  not  boil  all  the  water  that  its 
people  use.  Many  times  when  some- 
thing goes  wrong  with  the  water  sup- 
ply in  a city  or  town,  the  people  will 
be  warned  to  boil  all  the  water  they 
drink.  You  can  see  that  a supply  of 
pure  water  is  one  of  the  things  that 
make  a town  sanitary. 

Have  you  ever  visited  a dairy  farm? 
If  the  farm  supplies  milk  that  is  safe 
to  drink,  you  will  see  a clean  barn 
with  clean  cows,  clean  workers,  and 
clean  milk  cans.  The  farmer  will  be 
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Which  store  do  you  think  it  would  he  safer  to  huy  food  from?  Why  do  you  think  so? 


sure  that  the  cows  are  healthy.  The 
cows  will  be  tested  to  see  if  they  have 
tuberculosis  or  any  other  dangerous 
disease.  Any  cows  that  are  not  healthy 
will  be  killed.  If  the  milk  goes  to  a 
dairy  to  be  put  into  bottles,  the  dairy 
should  be  clean,  too.  In  your  sani- 
tary town,  you  would  not  let  a farm 
or  dairy  sell  milk  unless  health  officers 
found  that  the  milk  was  clean. 

To  keep  milk  safe,  dairies  pasteur- 
ize it.  Louis  Pasteur  discovered  this 
way  to  keep  milk  pure.  Milk  is  pas- 
teurized by  heating  it  to  145  °F.  and 
keeping  it  at  that  temperature  for  half 
an  hour.  Many  cities  do  not  allow  milk 
to  be  sold  unless  it  has  been  pas- 
teurized. 

What  would  you  do  about  stores, 
restaurants,  and  other  places  that  sell 
food  in  your  sanitary  town?  Health 


officers  should  see  that  the  stores  and 
restaurants  are  kept  clean.  The  people 
who  work  in  them  should  be  clean, 
too.  Meat,  vegetables,  fruits,  and  other 
foods  that  spoil  easily  should  be  kept 
cool  in  a refrigerator.  Flies,  rats,  and 
other  animals  should  be  kept  away 
from  the  food.  Every  restaurant 
should  have  a clean  kitchen  with 
clean  food.  To  kill  germs,  the  dishes 
should  be  washed  in  hot,  soapy  water 
and  then  rinsed  in  clear,  boiling  water. 
This  will  make  the  dishes  safe  to  use. 

Of  course,  every  dirty  place  in  the 
town  should  be  cleaned  up,  too.  This 
will  help  get  rid  of  the  flies  and  rats. 
Dirt  and  rubbish  in  the  streets  should 
be  collected  and  burned.  All  garbage 
pails  should  be  tightly  covered.  The 
garbage  should  be  collected  and  then 
burned  or  buried.  Oil  should  be  put 
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This  machine  is  spreading  a kind  of  fog  of  DDT  spray  to  see  if  it  will  kill  the  mosquitoes 
and  other  insects  on  the  beach.  Outdoors,  the  spray  soon  thins  out  and  does  not  harm 
people. 


on  streams  and  ponds  where  mosqui- 
toes lay  their  eggs.  Wire  screens  on 
windows  and  doors  will  keep  out  both 
mosquitoes  and  flies. 

A few  years  ago,  scientists  discov- 
ered an  insect  killer  that  is  sure  death 
to  flies,  mosquitoes,  lice,  and  fleas. 
This  insect  killer  is  a white  powder 
called  DDT.  It  is  usually  mixed 
with  other  materials  so  that  it  will 
not  be  too  strong.  To  control  typhus 
in  Naples,  more  than  a million  people 
were  dusted  with  DDT.  It  killed  the 
lice  and  fleas  on  their  bodies.  In  the 
Pacific  Ocean,  airplanes  sprayed  DDT 
over  entire  islands  to  kill  the  mosqui- 
toes that  carry  malaria  germs. 

DDT  can  be  sprayed  on  screens  or 
other  places  where  flies  and  mosqui- 
toes gather.  It  will  kill  insects  for  sev- 


eral months  afterward.  It  does  not 
kill  them  at  once,  but  any  fly  or  mos- 
quito that  touches  it  will  soon  die.  If 
you  use  DDT  around  your  home,  be 
careful  not  to  spray  it  on  food  or 
dishes.  Do  not  breathe  it  into  your 
lungs  or  swallow  it.  Remember  that 
DDT  is  a poison. 

In  your  sanitary  town,  something 
else  should  be  done  to  keep  germs 
from  spreading.  Whenever  anyone 
gets  a disease  that  can  be  easily  car- 
ried from  one  person  to  another,  he 
should  be  kept  away  from  other  peo- 
ple. If  he  has  measles,  mumps,  chicken 
pox,  whooping  cough,  diphtheria, 
scarlet  fever,  smallpox,  or  any  disease 
like  these,  he  should  stay  at  home. 
A health  officer  should  put  a sign  on 
the  door.  Then  people  can  see  the 
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sign  and  know  that  they  are  not  al- 
lowed to  go  in.  We  say  that  the  sick 
person  is  quarantined.  He  cannot 
leave  his  home  until  a health  officer 
takes  the  sign  down. 

After  the  sick  person  is  well  again, 
his  room  and  bedclothes  should  be 
cleaned  thoroughly.  All  the  germs 
should  be  killed.  None  should  be  left 
to  spread  the  disease  to  someone  else. 
A chemical  called  a germicide  should 
be  used.  Germicide  means  germ 
killer.  Sometimes  the  sick  person’s 
room  or  even  his  home  must  be  fumi- 
gated. To  do  this,  a germicide  that 
is  a gas  is  used.  The  gas  goes  into  all 
the  cracks  and  kills  the  germs. 

The  war  against  germs  must  be 
fought,  every  hour  of  every  day.  Be- 
fore people  knew  how  to  fight  germs, 
terrible  epidemics  used  to  sweep 
through  the  towns  and  cities  of  the 
world.  When  a disease  spreads  so  rap- 
idly that  many  people  have  it  at  the 
same  time,  we  say  that  there  is  an  epi- 
demic of  the  disease.  During  one 
epidemic  in  Europe,  at  least  25  mil- 
lion people  died.  In  some  parts  of  the 


Dishes  that  a sick  person  has  used  can 
he  made  safe  by  boiling  them  for  a minute 
or  two. 


world,  there  are  still  terrible  epidem- 
ics. But  in  our  country  and  many 
others,  thousands  of  doctors,  nurses, 
health  officers,  and  other  scientists  are 
fighting  the  war  against  germs.  They 
save  us  from  the  terrible  epidemics 
that  killed  so  many  people  in  the  past 


1.  What  is  done  in  your  community  to  keep  germs  from  spreading? 

2.  How  is  the  milk  you  drink  made  safe? 

3.  What  is  done  in  your  school  to  keep  germs  from  spreading? 

4.  In  your  own  words,  tell  what  quarantine  means. 

5.  Make  a list  of  rules  for  keeping  your  community  sanitary.  Give 

a reason  for  each  rule. 

6.  How  is  the  water  you  drink  made  pure? 

7.  How  can  we  control  insects  that  spread  disease? 
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What  does  the  sign  in  the  picture  on  the  left  mean  when  it  says  “ Safe  Water”?  This  man 
is  working  in  a bakery.  Why  should  he  always  be  careful  to  obey  the  sign  on  the  wall? 


QUESTIONS  TO  ANSWER 


1.  How  did  the  invention  of  the 
microscope  help  scientists  discover 
germs? 

2.  Why  does  the  health  officer  quar- 
antine people  for  some  diseases  but 
not  for  others? 

3.  Read  over  the  directions  for 
growing  bacteria  on  pages  100  and 
101.  Suppose  that  you  found  bacteria 
growing  in  Dish  6.  What  would  this 
tell  you  about  how  you  did  the  experi- 
ment? Why? 

4.  Two  important  discoveries  helped 
doctors  stop  the  spread  of  typhus.  Tell 
what  each  discovery  was  and  what  it 
did  to  stop  the  disease. 

5.  If  you  were  not  sure  that  some 
water  was  pure,  what  could  you  do  to 
make  it  safe  to  drink?  How  can  milk 
be  made  safe? 


6.  Make  a list  of  rules  that  will  help 
you  keep  from  getting  sick. 

7.  What  should  you  do  if  you  do  get 
a disease? 

8.  Explain  why  a strong,  healthy 
body  is  your  best  protection  against 
disease. 

9.  What  can  you  do  to  keep  your 
body  strong  and  healthy? 

10.  How  can  you  keep  from  spread- 
ing germs  to  other  people? 

11.  How  are  vaccines  and  serums 
alike?  How  are  they  different? 

12.  What  is  one  way  in  which  ani- 
mals are  used  to  help  keep  us  well? 
Explain  your  answer. 

13.  Diseases  are  often  spread  in 
trains,  buses,  motion  picture  theaters, 
and  other  crowded  places.  Explain 
how  this  happens. 
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THINGS  TO  DO 


1.  Find  out  how  often  the  water  you 
drink  is  tested  to  make  sure  that  it  is 
pure. 

2.  Read  about  Edward  Jenner  and 
vaccination  against  smallpox. 

3.  Visit  a dairy  to  see  how  milk  is 
kept  free  from  germs. 

4.  Mosquitoes  once  stopped  the 
building  of  the  Panama  Canal.  Find 
out  what  was  done  to  control  them. 

5.  Animals  and  plants  have  diseases. 
Find  out  what  some  of  the  diseases  are 
and  how  they  are  caused. 

6.  Read  about  Sir  Alexander  Flem- 
ing and  the  discovery  of  penicillin. 
Make  a report  to  your  class. 


7.  Find  out  what  diseases  are  car- 
ried by  animals  and  which  animals 
carry  them. 

8.  Learn  more  about  the  sulfa 
drugs.  Find  out  for  what  diseases  each 
drug  is  best. 

9.  Read  about  some  of  the  epidemics 
that  killed  millions  of  people  in  Europe 
and  Asia. 

10.  Take  a walk  around  your  com- 
munity to  see  whether  it  is  sanitary.  Be 
sure  to  visit  food  stores  and  restau- 
rants. Find  out  how  the  people  in  your 
community  work  together  to  make  it 
a healthful  place.  Then  make  a report 
to  your  class. 
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* In  Unit  Five  You  Will  Learn  * 


* Where  electric  current  comes  from  * How  we  connect  electric  appliances  * 

* Why  electric  wires  are  covered  * How  we  protect  buildings  from  short  circuits  * 

* How  we  control  electric  current  * How  we  use  electric  current  to  make  heat  * 

* How  electric  current  gives  light  * How  we  use  electric  current  to  make  a magnet  * 

* How  a telegraph  works  * How  an  electric  bell  rings  * 

* How  an  electric  motor  runs  * 


How  Do  We  Use  Electric  Current? 


One  winter  evening,  there  was  a 
terrible  storm.  Snow  and  ice  be- 
gan to  gather  on  the  wires  that  carried 
electric  current  from  the  powerhouse 
to  the  city.  At  last,  the  load  of  snow 
and  ice  became  so  heavy  that  some  of 
the  wires  snapped.  In  an  instant,  the 
city  was  in  darkness.  Just  a moment 
before,  the  streets,  homes,  and  stores 
had  been  brightly  lighted. 

Of  course,  some  electric  current 
was  still  being  used.  Flashlight  bat- 
teries supplied  enough  current  to 
make  some  light.  Automobile  bat- 
teries provided  current  to  start  the 
cars  and  light  their  lamps.  In  a hospi- 
tal, a doctor  was  performing  an  opera- 
tion when  the  lights  went  out.  Quickly 
the  storage  batteries  were  switched 
on.  These  storage  batteries  were  kept 
for  just  such  an  emergency.  But 
everything  that  used  electric  current 
from  the  powerhouse  had  stopped 
working. 


In  the  theaters,  there  was  no  cur- 
rent to  run  the  moving-picture  ma- 
chines. A dentist  had  to  stop  filling 
a man’s  tooth,  because  there  was  no 
current  to  turn  his  drill.  In  the  news- 
paper office,  the  printing  presses 
stopped  running.  So  the  newspaper 
for  the  next  morning  could  not  be 
printed. 

Out  in  the  country,  some  farms 
used  electric  current  from  the  same 
powerhouse.  Now  there  was  no  cur- 
rent to  light  the  homes  and  barns  or 
to  run  the  pumps  that  brought  water 
up  from  the  wells.  In  almost  every 
home  and  building  in  the  city  and  on 
the  farms  nearby,  there  were  tools 
and  appliances  that  would  not  work 
because  the  current  was  off.  You  can 
see  that  it  was  a serious  thing  to  have 
the  electric  current  go  off.  In  this  unit, 
you  will  learn  how  electric  current 
does  many  useful  and  important 
things  for  you  every  day. 
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Where  does  electric  current  come  from? 


You  can  easily  learn  about  one 
way  that  we  use  to  make  electric 
current.  Get  an  old,  worn-out  dry  cell 
and  break  it  open  to  see  what  it  is 
made  of.  First,  pull  off  the  cardboard 
cover  and  notice  the  metal  under- 
neath. This  metal  is  zinc.  Now  break 
off  the  top  of  the  dry  cell  and  pour 
out  about  half  of  the  black  mixture 
inside.  You  can  see  a black  rod  in  the 
center.  This  rod  is  made  of  carbon. 

Look  at  the  black  mixture  that  you 
have  poured  out.  There  are  some 
chemicals  in  it.  Different  chemicals 
are  used  in  different  kinds  of  dry  cells. 
But  all  dry  cells  have  a zinc  container 
for  the  chemicals  and  the  carbon  rod. 
If  you  feel  the  chemicals,  you  will 
find  that  they  are  moist.  So  a dry  cell 
is  not  really  dry  except  on  the  outside. 
The  top  is  sealed  to  keep  the  chemicals 
moist.  The  zinc  container  also  helps 
keep  them  from  drying  out. 


If  you  look  carefully  at  the  worn- 
out  dry  cell,  you  may  find  some  holes 
in  the  zinc.  You  may  also  find  some 
white  powder  on  it.  What  do  you  sup- 
pose made  the  holes  and  the  white 
powder?  You  know  that  materials  can 
change  into  other  kinds  of  materials. 
When  they  do  this,  we  say  that  a 
chemical  change  takes  place.  This 
kind  of  change  goes  on  in  a dry  cell. 
The  chemicals  inside  the  cell  change 
part  of  the  hard  zinc  into  a soft,  white 
powder.  When  this  chemical  change 
happens,  the  cell  makes  an  electric 
current. 

After  the  cell  has  been  used  for  a 
time,  the  chemical  change  stops. 
When  this  happens,  the  cell  can  no 
longer  make  an  electric  current.  So 
we  say  that  the  cell  is  dead.  Cells  can 
become  dead  even  if  they  are  not  used. 
When  they  stand  for  a long  time,  the 
chemicals  become  dry  or  they  slowly 
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change.  Then  the  cell  cannot  make 
current. 

Look  around  to  see  how  many 
places  you  can  find  where  dry  cells 
are  used.  You  will  probably  find  two 
or  more  cells  connected  together  to 
form  a battery.  As  you  might  expect, 
a battery  of  cells  can  supply  more 
current  than  just  one  cell.  A flashlight 
usually  has  a battery  of  two  or  more 
cells  inside  its  case. 

Besides  a dry  cell,  there  is  another 
kind  of  electric  cell  that  makes  cur- 
rent. This  kind  is  called  a wet  cell. 
Perhaps  you  can  make  a wet  cell  right 
in  your  classroom.  Then  you  can  use 
it  to  light  a small  electric  bulb.  Get 
a drinking  glass  or  a small  glass  jar. 
Also  get  a strip  of  zinc  and  a strip  of 
copper.  Each  strip  should  be  about 
one  inch  wide  and  five  inches  long. 
The  wider  the  strips  are,  the  better 
the  cell  will  work.  Punch  a hole  in 
one  end  of  each  strip.  Then  bend  the 
strips  so  that  they  will  hang  from  the 
rim  of  the  glass,  as  shown  in  the  pic- 
ture below. 


Now  get  two  or  three  feet  of  cov- 
ered copper  wire.  Cut  the  wire  into 
two  pieces  of  the  same  length.  Scrape 
about  an  inch  of  the  covering  off  both 
ends  of  each  piece  of  wire.  Put  one 
end  of  a wire  through  the  hole  in  one 
of  the  metal  strips.  Fasten  the  wire 
tightly  to  the  strip.  Do  the  same  thing 
with  the  other  wire  and  the  other 
strip. 

The  cell  is  now  ready  to  put  to- 
gether. Have  your  teacher  fill  the 
glass  about  three-quarters  full  of  a 
mixture  of  sulphuric  acid  and  water. 
The  mixture  should  be  about  one  part 
acid  and  ten  parts  water.  Hang  the 
metal  strips  in  the  mixture  of  acid 
and  water.  Be  careful  not  to  let  the 
strips  touch  each  other.  Screw  a small 
electric-light  bulb  into  a socket.  Con- 
nect the  wires  to  the  socket.  Does  the 
bulb  light  up?  If  you  have  a small 
electric  bell,  connect  it  to  the  cell  in 
place  of  the  bulb.  Does  the  bell  ring? 

If  the  metal  strips  are  big  enough, 
the  lamp  should  light  or  the  bell 
should  ring  for  a short  time.  Do  you 
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Grand  Coulee  Dam  in  the  state  of  Washington  is  one  of  our  largest  dams. 


see  bubbles  gathering  on  the  metal 
strips?  These  bubbles  show  that  a 
chemical  change  is  taking  place  in  the 
acid  and  on  the  metal  strips.  This 
chemical  change  makes  an  electric 
current. 

In  an  automobile,  there  is  a battery 
of  wet  cells  to  supply  electric  current. 
This  battery  is  called  a storage  bat- 
tery. It  is  usually  made  of  three  wet 
cells  connected  together.  These  cells 
are  very  different  from  dry  cells.  If 
the  cells  in  a storage  battery  become 
dead,  they  can  be  charged.  Then  they 
will  supply  electric  current  again.  To 
charge  a storage  battery,  an  electric 
current  from  some  other  source  of 
current  is  run  through  the  cells  for 
a while. 


Electric  cells  do  not  supply  the  huge 
amounts  of  current  that  we  use  in  our 
homes  and  other  buildings.  You  know 
that  wires  come  into  our  buildings 
from  outside.  We  have  to  pay  for  the 
electric  current  that  we  get  in  this 
way.  Where  does  this  current  come 
from? 

If  you  could  follow  the  wires  that 
bring  current  into  your  home,  you 
would  find  that  they  lead  to  a power- 
house. Inside  the  powerhouse,  you 
would  see  some  machines  that  make 
electric  current.  These  machines  are 
called  generators. 

You  would  hear  a humming  sound 
in  the  powerhouse,  too.  This  sound 
comes  from  the  generators.  They  are 
whirling  around  very  fast  as  they 
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These  are  the  huge  generators  in  the  powerhouse  at  Hoover  Dam  on  the  Colorado  River. 


make  electric  current.  You  know  that 
it  takes  a force  to  make  anything 
move.  You  also  know  that  some  kind 
of  energy  is  needed  to  produce  a force. 
Let  us  find  out  what  kinds  of  energy 
produce  the  force  that  makes  a gen- 
erator turn  at  high  speed. 

Each  generator  in  the  powerhouse 
is  connected  to  a turbine.  This  is  a 
wheel  that  has  slanting  blades.  When 
something  strikes  the  blades,  the  tur- 
bine whirls  around  like  a pinwheel. 
If  the  powerhouse  is  near  a dam 
or  waterfall,  swiftly  moving  water 
rushes  through  the  turbine  and  makes 
the  generator  turn  very  fast.  The 
energy  of  moving  water  produces  the 
force  that  makes  the  generator  move 
around. 


Huge  amounts  of  electric  current 
are  produced  by  the  energy  of  moving 
water.  This  current  can  be  sent 
through  wires  to  places  hundreds  of 
miles  away.  You  may  have  seen  the 
tall  steel  towers  that  hold  up  the 
wires.  Electric  current  used  in  Los 
Angeles  comes  from  a powerhouse  in 
the  mountains  250  miles  from  the 
city.  The  powerhouse  is  near  a big 
dam  built  across  a river. 

Large  waterfalls  are  sources  of  en- 
ergy, too.  There  is  a powerhouse  at 
Niagara  Falls.  Part  of  the  water  at 
Niagara  Falls  is  sent  through  turbines 
that  turn  very  large  generators.  The 
electric  current  made  by  these  huge 
generators  is  sent  through  the  wires 
to  cities  that  are  many  miles  away. 
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Many  places  in  our  country  have 
no  swiftly  moving  water  to  use  in 
making  electric  current.  So  some- 
thing else  must  be  used  to  turn  the 
generators.  Often  they  are  run  by  the 
energy  of  steam.  Coal,  oil,  or  some 
other  fuel  is  burned  to  produce  the 
heat  that  changes  water  to  steam. 
Then  the  steam  shoots  with  great 
force  against  the  blades  of  a turbine. 
As  the  turbine  whirls  at  high  speed, 
it  makes  a generator  turn.  The  energy 
of  steam  produces  the  force  that  runs 
the  generator. 

Besides  the  energy  of  steam  or  mov- 
ing water,  other  forms  of  energy  can 
be  used  to  turn  a generator.  The 
energy  of  moving  air,  or  wind,  is  often 
used  to  make  electric  current  on 
farms.  The  wind  turns  a windmill 
that  is  connected  to  a generator. 

Another  form  of  energy  used  to 
make  electric  current  is  the  energy  of 
exploding  gas.  When  gas  explodes  in 
a gasoline  engine  or  a Diesel  engine, 
it  can  push  with  great  force.  This 
force  will  turn  a generator  and  make 
electric  current.  The  gasoline  engine 


of  an  automobile  runs  a small  genera- 
tor in  the  car.  This  generator  helps 
keep  the  storage  battery  charged.  It 
also  produces  current  for  the  car  to 
use  while  the  engine  is  running. 

You  have  learned  that  we  get  elec- 
tric current  in  two  ways.  Some  of  the 
current  we  use  comes  from  cells,  but 
most  of  it  comes  from  generators.  You 
know  that  different  forms  of  energy 
are  used  to  make  electric  current.  The 
energy  that  cells  use  to  make  current 
is  stored  in  the  materials  from  which 
the  cells  are  made.  When  a chemical 
change  takes  place,  the  energy  stored 
in  the  materials  is  changed  to  electric 
current.  Generators  change  the  en- 
ergy of  moving  water,  steam,  wind, 
and  exploding  gas  into  electric  cur- 
rent. 

Scientists  know  that  an  electric 
current  has  energy.  It  can  produce 
a force  that  will  make  things  move, 
and  it  can  do  much  useful  work.  The 
energy  of  an  electric  current  comes 
from  other  forms  of  energy.  Cells  and 
generators  change  these  forms  of 
energy  into  electric  current. 


1 . What  must  happen  in  an  electric  cell  before  it  will  make  a current? 

2.  Why  do  dry  cells  become  dead? 

3.  If  you  are  talking  about  just  one  dry  cell , why  is  it  not  correct  to 

call  it  a battery? 

4.  How  are  dry  cells  different  from  storage  batteries? 

5.  Name  four  forms  of  energy  used  to  turn  generators  that  make 

electric  current.  Tell  how  each  form  of  energy  is  used  to  do  this. 

6.  Where  does  most  of  the  electric  current  used  in  your  home  or 

school  come  from? 
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How  do  we  connect  electrical  appliances? 


The  electric  current  that  you 
use  in  your  home  may  come  from 
generators  nearby  or  far  away.  But 
no  matter  where  it  comes  from,  the 
current  has  to  be  brought  to  your 
home.  Then  it  must  be  made  to  go  to 
light  bulbs,  toasters,  irons,  radios, 
and  other  electrical  appliances.  How 
do  we  make  the  current  go  where  we 
want  it  to  go? 

An  experiment  will  help  you  find 
out.  Get  two  short  pieces  of  covered 
copper  wire.  Scrape  the  covering  off 
the  ends  as  you  did  before.  Screw  a 
small  light  bulb  into  a socket.  Con- 
nect one  wire  from  the  socket  to  a 
binding  post  of  a dry  cell.  Does  the 
bulb  light?  Then  connect  the  other 
wire  from  the  socket  to  the  other 
binding  post  of  the  cell.  Does  the 
bulb  light  now?  Why? 

Study  the  wires  carefully.  See  if 
you  can  trace  the  current  as  it  flows 
along.  Start  at  one  binding  post  of  the 
dry  cell.  Follow  the  wire  to  the  socket. 


Notice  that  there  is  a wire  in  the 
bulb.  Then  follow  the  other  wire  from 
the  socket  back  to  the  dry  cell. 

If  an  electric  current  made  a red 
line  as  it  flowed,  your  wires  and  bulb 
would  look  like  those  in  the  picture. 
Trace  the  red  line  from  the  dry  cell 
through  the  bulb  and  back  to  the  cell. 
Do  you  see  that  the  current  flows  back 
to  the  place  where  it  starts?  The  path 
that  the  current  follows  is  called  a 
circuit.  The  current  will  not  go  just 
part  of  the  way  around  this  circuit. 
If  it  cannot  travel  all  the  way,  it  will 
not  flow  at  all. 

A current  will  not  flow  unless  the 
circuit  is  closed.  If  a piece  of  wire  is 
missing  from  the  path,  there  will  be 
a break  in  the  circuit.  Then  the  cir- 
cuit will  be  open,  and  no  current  will 
flow.  If  you  disconnect  one  end  of  a 
wire  leading  to  the  bulb,  the  light  goes 
out  at  once.  Hold  the  end  of  the  wire 
near  but  not  touching  the  place  where 
it  was  connected.  Does  the  bulb  light? 
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The  bulb  will  not  light  unless  the 
end  of  the  wire  touches  the  place 
where  it  was  connected.  Small  as  it 
is,  this  break  in  the  circuit  keeps  the 
current  from  flowing.  A circuit  must 
be  closed  before  current  will  flow 
through  it. 

Look  at  the  cord  of  an  electric  iron. 
You  will  find  that  the  cord  is  made 
of  two  wires  twisted  together.  On  one 
end  of  the  cord  is  a plug  with  two 
prongs.  Each  prong  is  connected  to 
one  of  the  wires  in  the  cord.  At  the 
other  end  of  the  cord  is  a socket  that 
fits  tightly  over  two  prongs  on  the 
iron.  When  the  cord  is  connected 
from  the  iron  to  an  outlet  where  cur- 
rent comes  into  the  room,  the  current 
goes  into  the  iron  through  one  wire 
and  out  through  the  other. 

Now  look  at  the  cord  that  you  use 
with  an  electric  toaster.  Does  it  have 
two  wires?  Does  the  plug  have  two 


prongs?  In  all  electrical  appliances 
that  you  use,  there  are  two  wires  to 
make  a closed  circuit  for  the  current. 

You  know  how  the  electric  cur- 
rent gets  to  your  home.  Gas  and 
water  are  brought  to  your  home  in 
pipes.  But  current  comes  to  your 
home  through  wires  from  the  power- 
house where  it  is  made.  Can  you  find 
the  place  where  the  current  comes 
into  your  home?  Notice  that  there 
are  at  least  two  wires. 

In  the  picture  on  the  next  page,  two 
wires  bring  the  electric  current  to  the 
house  from  the  main  line.  Sometimes 
there  are  three  and  sometimes  you 
see  only  one.  When  you  see  only  one 
wire,  it  is  because  several  wires  have 
been  put  together  inside  one  covering. 
You  know  why  there  cannot  be  just 
one  wire.  It  is  because  there  must  al- 
ways be  a closed  circuit  for  the  cur- 
rent to  flow  through. 
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When  you  are  using  toasters,  fans, 
irons,  radios,  and  other  electrical  ap- 
pliances, remember  that  the  current 
is  not  the  small  current  from  a dry 
cell.  You  are  using  a current  that  is 
dangerously  strong.  Be  sure  to  han- 
dle this  current  safely.  The  current  is 
a good  helper.  But  if  you  handle  it 
carelessly,  it  can  burn  you  or  even 
kill  you.  Many  people  are  burned  or 
killed  every  year  because  they  do  not 
handle  electric  current  carefully.  Here 
are  some  good  rules  for  you  to  follow 
when  you  use  electrical  appliances  or 
play  with  electrical  toys. 

These  wires  bring  current  into  the  house. 

Safety  rules  for  using  electrical  appliances 

1.  Disconnect  all  electrical  appliances  when  they  are  not  being  used. 

2.  If  there  is  a switch  on  an  electrical  appliance,  turn  it  off  before  you 

disconnect  the  appliance.  Also  be  sure  the  switch  is  turned  off 
before  you  connect  the  appliance. 

3.  Never  use  an  electrical  appliance  or  an  electric  cord  that  you  know 

is  out  of  order. 

4.  Never  try  an  experiment  with  an  electrical  appliance  or  an  electric 

cord  that  is  connected  to  the  current  in  your  home. 

5.  Never  touch  an  electrical  appliance  with  wet  hands.  Also  be  sure 

not  to  touch  it  if  any  part  of  your  body  is  against  a water  pipe, 
faucet,  or  radiator. 


1.  What  is  a closed  circuit?  What  is  an  open  circuit? 

2.  What  happens  if  a circuit  is  broken  in  any  place? 

3.  Explain  how  an  electric  current  travels  through  an  electric  iron 

or  toaster. 

4.  Does  the  current  that  you  use  in  your  home  travel  through  a 

closed  circuit?  Why  do  you  think  so? 

5.  Why  do  you  think  you  should  obey  the  safety  rules  for  using 

electrical  appliances? 
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Why  are  electric  wires  covered? 


Probably  you  have  noticed  that 
nearly  all  the  electric  wires  we  use 
are  covered.  In  your  experiments, 
you  had  to  scrape  off  some  of  the  cov- 
ering to  connect  the  wires.  If  you 
looked  at  the  cords  of  electrical  appli- 
ances, you  found  that  the  wires  inside 
were  covered.  The  wires  that  bring 
electric  current  into  your  home  are 
covered,  too.  Why  do  you  think  that 
all  these  wires  are  covered? 

You  can  do  an  experiment  that  will 
help  you  answer  this  question.  Con- 
nect a small  light  bulb  to  a dry  cell. 
Use  bare  wires.  Then  touch  the  wires 
together,  as  shown  in  the  picture. 
Watch  what  happens.  Do  you  know 
why  the  light  goes  out?  Is  current 
flowing  through  the  wires  to  the  bulb? 
Do  you  think  current  is  flowing 
through  these  wires?  Then  separate 
the  wires.  Does  the  light  go  on  again? 

The  current  has  taken  a short  cut. 
This  short  cut  is  called  a short  circuit. 
When  two  wires  were  touched  to- 


gether, they  made  a closed  circuit.  But 
this  was  a shorter  circuit  than  the 
one  through  the  bulb.  At  once,  the 
current  went  through  the  shorter 
path. 

The  light  went  out  because  nearly 
all  the  current  flowed  from  one  wire 
to  the  other  without  going  through 
the  light  bulb.  As  soon  as  you  sep- 
arated the  wires,  the  current  flowed 
around  the  circuit  from  the  cell, 
through  the  bulb,  and  back  to  the  cell. 
Then  the  light  went  on  again. 

Electric  current  would  not  be  very 
useful  if  we  could  not  make  it  go 
where  we  want  it  to  go.  The  current 
would  not  do  useful  work  for  us  if  it 
always  took  a short  cut  back  to  where 
it  started.  We  want  to  make  it  go 
where  we  can  use  it.  So  we  make  the 
current  flow  through  a longer  path. 

If  there  is  a short  circuit  in  the 
wires  in  your  home,  the  lights  go  out. 
A short  circuit  in  the  wires  of  an  au- 
tomobile may  keep  the  engine  from 
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running,  or  it  may  put  the  lights  out. 
So  we  must  try  to  prevent  short  cir- 
cuits. Let  us  see  one  way  that  this 
is  done. 

You  already  know  that  nearly  all 
electric  wires  are  wrapped  with  a 
tight  covering.  If  you  look  at  some  of 
these  wires,  you  will  find  that  the 
covering  is  made  of  cotton,  silk,  or 
rubber.  Connect  a small  light  bulb 
to  a dry  cell.  This  time  use  covered 
wires.  Touch  the  wires  together  as  you 
did  before.  Does  the  light  go  out  or 
does  it  stay  on? 

This  experiment  shows  you  that 
electric  current  will  not  travel 
through  the  material  that  covers  the 
wire.  But  it  does  flow  through  the 
copper  in  the  wire.  A material 
through  which  current  will  flow  is 
called  a conductor.  Copper  is  a con- 
ductor of  electric  current.  So  are  sil- 
ver, aluminum,  iron,  and  brass. 

Any  material  through  which  elec- 
tric current  will  not  flow  is  called 
a non-conductor.  It  is  also  called  an 


insulator.  Cotton,  silk,  and  rubber 
are  non-conductors,  or  insulators. 
Wire  that  is  covered  with  an  insulator 
is  called  insulated  wire.  Enamel  is  an 
insulator.  So  wire  is  sometimes  in- 
sulated with  a coating  of  enamel. 
Glass  and  porcelain  are  also  insu- 
lators. They  are  used  to  support  elec- 
tric wires  on  poles. 

The  experiment  shows  you  one  way 
to  prevent  short  circuits.  You  use  in- 
sulated wires.  Then  even  if  the  wires 
do  touch  each  other,  the  current  will 
not  flow  from  one  wire  to  the  other. 
The  covering  is  an  insulator.  It  keeps 
the  conductors  from  touching  each 
other. 

Do  you  know  why  an  electric  cur- 
rent can  be  dangerous  when  it  takes 
a short  cut?  Do  the  experiment  with 
the  bare  wires  again.  When  the  bulb 
is  lighted,  feel  the  wires.  Do  they  feel 
warm?  Now  touch  the  wires  together 
near  the  dry  cell.  Hold  your  fingers 
near  the  wire  where  the  current  is  still 
flowing.  How  does  the  wire  feel  this 
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time?  Be  careful  not  to  burn  your 
fingers. 

You  can  see  from  this  experiment 
that  a short  circuit  makes  a wire  get 
hot.  The  wires  in  your  home  would 
become  very  hot  if  the  bare  wires 
were  allowed  to  touch  each  other. 
They  might  get  so  hot  that  they  would 
set  fire  to  something.  Every  year, 
many  fires  are  caused  by  short  cir- 
cuits. 


The  danger  of  short  circuits  is  not 
the  only  reason  why  wires  are  in- 
sulated. Have  you  ever  had  a shock 
from  touching  bare  wires?  Such  a 
shock  can  be  very  serious.  If  you  take 
hold  of  a bare  wire  through  which  a 
strong  current  is  flowing,  you  will  be 
badly  burned.  You  may  even  be  killed. 
So  that  is  another  reason  why  wires 
are  insulated  and  why  you  must  never 
touch  bare  wires. 


Safety  rules  for  using  electric  wires 

1.  Never  touch  electric  wires  or  use  an  electric  cord  on  which  the 

covering  is  worn. 

2.  Keep  electric  wires  and  cords  from  rubbing  against  things  or  becom- 

ing kinked.  Rubbing  may  wear  off  the  covering,  and  kinking  may 
break  it. 

3.  Stay  away  from  broken  wires  that  hang  down  from  poles  or 

buildings. 

4.  Never  climb  a pole  that  supports  electric  wires. 

5.  Never  touch  an  electric  wire  or  cord  with  wet  hands.  Also  do  not 

take  hold  of  a wire  or  cord  while  any  part  of  your  body  is  touching 
a water  pipe,  faucet,  or  radiator. 


1 . Make  a drawing  to  show  what  a short  circuit  is. 

2.  In  most  of  your  experiments  with  electric  current,  you  use  in- 

sulated wire.  Why  do  you  have  to  scrape  some  of  the  covering 
off  the  ends  of  the  wire  before  you  connect  it? 

3.  Which  of  these  are  correct  reasons  for  using  insulated  wire  instead 

of  bare  wire? 

a)  Insulated  wire  lasts  longer. 

b)  It  is  safer  to  handle  than  bare  wire. 

c ) The  covering  keeps  the  wire  cooler. 

d)  Insulated  wire  helps  prevent  short  circuits. 

e)  The  covering  keeps  the  wire  cleaner. 

f)  Current  will  not  flow  in  an  insulated  wire. 
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This  experiment  shows  you  how  a fuse  works. 

How  do  we  protect  our  buildings  from  short  circuits? 


Sometimes  a building  catches  fire 
because  of  a short  circuit.  But 
this  is  usually  prevented.  Scientists 
have  worked  out  a way  to  protect 
our  buildings  from  short  circuits.  In 
every  building,  there  is  a “policeman” 
on  guard  in  the  electric  circuit.  This 
“policeman”  is  called  a fuse.  All  the 
current  must  flow  through  the  fuse 
before  it  goes  to  the  light  bulbs,  toast- 
ers, and  other  appliances. 

Have  you  ever  seen  what  happens 
to  a fuse  when  something  goes  wrong 
in  an  electric  circuit?  Perhaps  your 
mother  was  using  an  electric  iron 
when  all  at  once  something  in  the 
iron  went  s-s-s-s-s-t!  In  an  instant, 
the  current  was  off.  Something  in  the 
iron  or  the  cord  had  caused  a short 
circuit.  The  current  went  off  because 


the  fuse  was  guarding  your  home 
against  a short  circuit.  The  fuse 
turned  off  the  current. 

You  can  do  an  experiment  to  see 
how  the  current  was  turned  off.  First, 
get  a new  fuse  and  look  through  the 
cover.  Inside,  you  can  see  a thin  strip 
of  metal.  This  stHp  of  metal  is  the 
part  that  guards  the  circuit.  Let  us  see 
how  it  does  this. 

Put  a strip  of  tin  foil  on  a block  of 
wood.  Connect  two  pieces  of  insulated 
copper  wire  to  a dry  cell.  Hold  the 
loose  ends  of  the  wires  on  the  ends 
of  the  tin  foil,  as  shown  in  the  pic- 
ture. The  tin  foil  is  a conductor  of 
electric  current.  So  the  wires  and  the 
tin  foil  make  a closed  circuit.  Watch 
the  tin  foil  carefully.  What  happens 
to  it? 


ELECTRIC  CURRENT  133 


When  the  tin  foil  melts,  it  breaks 
apart.  Do  you  still  have  a closed  cir- 
cuit? What  happens  to  the  electric 
current?  Will  it  still  flow  through  the 
wires?  What  has  broken  the  circuit? 

Why  does  the  tin  foil  melt  although 
the  copper  wires  do  not  melt?  You 
know  that  some  metals  melt  easily 
while  other  metals  need  much  heat 
to  make  them  melt.  The  tin  foil  melts 
because  only  a little  heat  is  needed  to 
melt  it.  The  copper  wires  do  not  get 
hot  enough  to  melt. 

Now  you  can  understand  how  a fuse 
turns  off  the  current  when  there  is  a 
short  circuit.  A short  circuit  heats  the 
wires.  It  also  heats  the  strip  of  metal 
in  the  fuse.  This  metal  needs  only  a 
little  heat  to  make  it  melt.  When  the 
metal  melts,  it  breaks  the  circuit. 
Then  there  is  no  longer  a closed  path 
through  which  current  can  flow.  We 


usually  say  that  the  fuse  has  “burned 
out”  or  “blown  out.”  Of  course,  the 
fuse  did  not  really  burn  or  burst.  A 
strip  of  metal  inside  the  fuse  melted. 

Look  at  the  pictures  on  this  page. 
They  show  a fuse  and  how  the  current 
goes  through  it.  The  fuse  in  the  pic- 
ture on  the  right  is  “burned  out.” 

Before  a new  fuse  is  put  in  the  cir- 
cuit, we  must  get  rid  of  the  short  cir- 
cuit. Otherwise  the  new  fuse  will 
“burn  out,”  too.  The  appliance  or  cord 
that  caused  the  short  circuit  must  be 
disconnected.  It  should  not  be  used 
again  until  it  has  been  repaired.  Then 
when  the  new  fuse  is  put  in,  the  cur- 
rent can  safely  flow  through  its  path 
of  insulated  wire. 

Another  kind  of  “policeman”  is 
used  to  guard  circuits.  It  is  called  a 
circuit  breaker,  and  its  name  tells  you 
what  it  does.  Like  a fuse,  it  breaks 
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the  path  of  the  current  whenever 
there  is  a short  circuit.  Heat  bends 
a metal  strip  inside  the  circuit  breaker 
until  there  is  an  open  place  in  the 
circuit.  You  can  reset  the  circuit 
breaker  by  pushing  a lever.  It  does 


not  have  to  be  replaced  as  a fuse  does. 
When  the  circuit  breaker  is  reset,  cur- 
rent flows  through  the  circuit  again. 
The  picture  on  this  page  shows  a cir- 
cuit breaker.  Follow  the  path  of  the 
current  through  the  circuit  breaker. 


Safety  rules  for  using  fuses 

1.  Never  try  to  repair  a “burned-out”  fuse.  Use  a new  one. 

2.  When  a fuse  “burns  out,”  always  put  in  a new  fuse  that  will  carry 

the  same  current.  If  the  old  fuse  is  labeled  15A,  the  new  fuse 
should  be  labeled  15A. 

3.  Never  try  to  use  a penny  instead  of  a new  fuse.  The  penny  is  made 

of  copper.  It  will  not  melt  until  the  copper  wires  do,  too. 

4.  Always  turn  off  the  current  when  you  put  in  a fuse.  Otherwise  you 

may  get  an  electric  shock. 

5.  Never  stand  on  a damp  floor  in  the  basement  when  you  put  in  a new 

fuse.  Stand  on  a dry  board. 


1.  Why  may  a short  circuit  he  dangerous? 

2.  Put  these  sentences  in  order  so  that  they  tell  what  happens  when 

a fuse  “burns  out  .” 

a)  The  metal  strip  in  the  fuse  melts. 

h)  There  is  a short  circuit. 

c ) The  current  stops  flowing. 

d)  The  metal  strip  in  the  fuse  gets  hot. 

e)  The  circuit  is  broken. 

3.  Many  homes  and  buildings  now  use  circuit  breakers  instead  of 

fuses.  What  do  you  think  is  a reason  for  this? 
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How  do  we  control  electric  current? 


You  come  into  a room  and  push 
a switch.  The  light  goes  on.  You 
push  the  switch  again,  and  the  light 
goes  out.  In  just  about  the  same  way, 
you  turn  a toaster,  an  iron,  a radio, 
or  any  other  electrical  appliance  on 
or  off.  The  energy  of  electric  current 
is  certainly  a handy  form  of  energy  to 
use,  because  it  is  so  easy  to  turn  on 
and  off. 

You  have  already  learned  enough 
about  electric  current  to  understand 
what  happens  when  you  turn  the  cur- 
rent on  or  off.  To  be  sure  that  you  can 
tell  just  what  happens,  try  this  experi- 
ment with  a push  button.  Connect  the 
push  button  and  a bell  to  a dry  cell, 
as  shown  in  the  picture.  Does  the  bell 
ring  as  soon  as  all  the  wires  are  con- 
nected? Now  press  down  on  the  but- 
ton. What  happens?  Why? 

If  you  take  the  push  button  apart, 
you  can  find  out  how  it  works.  The 
picture  shows  the  main  parts  of  a push 
button.  Do  you  see  that  the  button 
pushes  down  on  a small  strip  of  brass? 
This  strip  of  brass  is  a spring.  One 


binding  post  of  the  push  button  is 
connected  to  this  spring.  When  you 
press  the  button,  you  push  the  spring 
down  on  another  piece  of  brass.  This 
piece  is  connected  to  the  other  binding 
post  of  the  push  button.  When  the 
Spring  touches  this  piece  of  brass, 
the  circuit  is  closed.  Current  flows 
through  the  circuit,  and  the  bell  rings. 

When  you  take  your  finger  off  the 
button,  the  brass  spring  pushes  up. 
This  makes  a break  in  the  circuit. 
Current  cannot  flow  through  the  open 
circuit.  So  the  bell  stops  ringing.  A 
push  button  is  one  kind  of  electric 
switch.  As  you  know,  switches  are 
used  to  turn  the  current  on  and  off. 
When  you  turn  on  the  current,  the 
switch  closes  the  circuit.  When  you 
turn  off  the  current,  the  switch  opens 
the  circuit.  Switches  help  us  control 
electric  current  by  turning  it  on  or  off 
as  we  need  it. 

We  can  control  the  current  in  an- 
other way,  too.  We  can  make  the  cur- 
rent stronger  or  weaker.  Scientists 
have  discovered  several  ways  to  do 
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this.  One  way  to  make  the  current 
stronger  is  to  connect  several  cells 
together.  The  storage  battery  in  an 
automobile  usually  has  three  cells. 
They  make  a much  stronger  current 
than  just  one  cell.  Dry  cells  can  also 
be  connected  together  to  make  a 
stronger  current,  as  you  will  see  later 
in  this  unit. 

Do  you  have  an  electric  train?  If 
you  have  one,  you  know  that  you  can- 
not connect  it  directly  to  the  current 


that  comes  into  your  home.  You  have 
to  use  a transformer.  Without  a trans- 
former, the  strong  current  would  ruin 
the  motor  of  your  electric  train.  But 
the  transformer  controls  this  current 
so  that  just  the  right  amount  flows 
through  the  motor.  A transformer 
like  this  is  often  used  to  ring  door- 
bells, because  they  need  only  a small 
amount  of  current.  Another  kind  of 
transformer  is  used  to  make  an  elec- 
tric current  stronger. 


Safety  rules  for  using  switches 

1.  Have  a switch  repaired  at  once  if  you  get  a shock  when  you  use  it  to 

turn  current  on  or  off. 

2.  Never  touch  a switch  with  wet  hands.  Also  do  not  touch  a switch 

when  any  part  of  your  body  is  against  a water  pipe,  a faucet,  or 
radiator. 


1 . Explain  how  a push  button  controls  the  electric  current  that  rings 

a bell. 

2.  If  you  use  dry  cells  in  your  experiments  with  electric  current, 

what  can  you  do  to  make  the  current  stronger? 

3 . Suppose  that  we  did  not  have  switches.  What  would  we  have  to 

do  to  turn  the  current  on  and  off? 

4.  Why  do  we  use  a transformer  to  run  toy  electric  trains  and  ring 

doorbells? 
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How  do  we  use  electric  current  to  make  heat? 


How  many  electric  heating  ap- 
pliances can  you  find  in  your 
home?  Your  mother  probably  has  an 
electric  iron.  At  breakfast  this  morn- 
ing, she  may  have  used  an  electric 
toaster,  an  electric  coffee  pot,  and 
even  an  electric  egg  cooker.  Perhaps 
the  stove  in  your  kitchen  uses  elec- 
tric current.  On  cold  days,  you  may 
turn  on  an  electric  heater  to  warm  the 
bathroom.  When  you  are  chilled,  you 
may  use  an  electric  heating  pad  to 
warm  yourself.  There  are  even  elec- 
tric blankets! 

All  these  heating  appliances  use 
electric  current.  But  how  do  they 
change  electric  current  to  heat?  In 
the  experiment  you  did  on  page  131, 
you  noticed  that  the  wires  became  hot 
when  a current  flowed  through  them. 
And  you  know  that  an  electric  cur- 
rent can  make  the  strip  of  metal  in 
a fuse  hot  enough  to  melt  it. 

Now  you  can  do  an  experiment  to 
see  how  electric  current  is  changed 
to  heat.  Connect  a short,  thin  piece 
of  iron  wire  between  the  binding  posts 
of  a dry  cell.  Watch  the  wire.  Hold 
your  finger  near  the  wire  from  time 
to  time  but  do  not  touch  the  wire. 
Does  the  wire  get  very  hot? 

Iron  wire  is  not  such  a good  con- 
ductor of  electric  current  as  copper 
wire.  It  takes  more  energy  to  make 
a current  flow  through  the  iron  wire. 
The  energy  used  to  make  the  current 
flow  is  changed  into  heat.  Heat  is  a 


form  of  energy,  as  you  know.  The 
heat  energy  makes  the  iron  wire  hot. 

Now  you  can  understand  how  an 
electric  toaster  gets  hot  enough  to 
toast  bread  or  even  burn  it.  Look  at 
the  inside  of  the  toaster.  You  will  see 
some  wires,  or  you  may  see  some  thin, 
flat  metal  ribbons.  Just  by  looking  at 
them,  you  can  probably  tell  that  they 
are  not  made  of  copper.  Connect  the 
toaster  to  the  electric  current  and 
watch  the  wires  or  ribbons  get  red- 
hot.  These  wires  or  ribbons  make  up 
the  heating  element  of  the  electric 
toaster. 

Every  electric  heating  appliance 
has  a heating  element.  The  heating 
element  changes  the  energy  of  elec- 
tric current  into  heat  energy.  If  you 
can  get  an  old,  worn-out  electric  iron, 
take  it  apart  and  see  what  made  it 
get  hot.  Can  you  find  the  heating  ele- 
ment? As  electric  current  flowed 
through  it,  it  became  hot  and  heated 
the  iron.  The  pictures  on  the  next 
page  show  you  the  heating  elements 
of  an  electric  toaster  and  an  electric 
iron. 

Try  to  find  the  heating  element  in 
other  electrical  appliances.  You  will 
see  that  it  is  usually  made  of  wire  or 
flat  metal  ribbon.  But  if  you  look  at  an 
electric  stove,  you  may  find  another 
kind  of  heating  element.  In  many 
electric  stoves,  a metal  rod  is  used 
instead  of  a wire,  because  it  lasts 
much  longer.  But  no  matter  what 
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kind  of  heating  element  you  find,  you  We  use  this  heat  energy  to  cook  our 
will  know  that  it  changes  the  energy  food,  iron  our  clothes,  and  keep  us 
of  electric  current  into  heat  energy.  warm. 

Safety  rules  for  using  electric  heaters 

1.  Never  use  a knife,  fork,  or  spoon  to  get  bread  out  of  an  electric 

toaster  while  it  is  turned  on.  You  may  get  a shock  or  a burn. 

Or  you  may  cause  a short  circuit. 

2.  Do  not  use  a damp  cloth  to  clean  the  outside  of  an  electric  heater 

while  it  is  turned  on.  Disconnect  the  heater  and  wait  until  it  cools. 

3.  Do  not  go  away  and  leave  an  electric  iron  connected.  It  may  set  the 

ironing  board  on  fire. 

4.  Do  not  hang  wet  clothes  on  an  electric  heater  to  dry.  You  may  cause 

a short  circuit  or  even  a fire. 

5.  Never  touch  an  electric  heater  while  you  are  in  a bathtub  or  when 

any  part  of  your  body  is  touching  a water  pipe,  a faucet,  or  a 
radiator.  Many  people  have  been  killed  in  this  way. 

6.  If  you  use  an  electric  heating  pad,  be  sure  that  it  has  a waterproof 

cover.  Otherwise  you  may  get  a shock  if  perspiration  soaks  into  it. 


1.  How  does  an  electric  current  make  some  wires  get  hot? 

2.  In  what  way  are  all  electric  heating  appliances  alike? 

3.  The  wires  in  our  homes  and  other  buildings  do  not  get  hot  when 

current  flows  through  them.  Why? 
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FILAMENT 


The  picture  on  the  left  shows  Edison’s  first  electric-light  hulh.  On  the  right  is  the  kind 
of  hulh  we  use  now.  This  large  one  has  clear  glass  and  you  can  see  the  parts. 


How  does  electric  current  give  us  light? 


You  already  know  some  things 
that  will  help  you  understand 
how  we  get  light  from  electric  cur- 
rent. You  have  seen  that  a current 
can  make  wires  hot.  It  can  make 
them  so  hot  that  they  glow.  When 
anything  glows,  it  gives  light. 

About  seventy  years  ago,  the  fa- 
mous American  inventor,  Thomas 
Edison,  began  to  wonder  whether 
there  was  not  some  way  to  make  an 
electric  lamp.  The  first  thing  that  he 
had  to  find  was  a material  that  would 
give  a bright  light  when  it  was  heated. 
This  material  was  very  hard  to  find. 
It  had  to  carry  an  electric  current. 
And  it  had  to  get  very,  very  hot  with- 
out melting. 

Edison  tried  hundreds  of  different 
materials,  but  none  of  them  would  do 


both  of  these  things.  At  last,  he  made 
a thread  of  carbon  that  did  what  he 
wanted  it  to  do.  It  carried  an  electric 
current,  and  it  got  very  hot  without 
melting.  The  first  electric-light  bulb 
had  a carbon  thread,  or  filament,  in  it. 

But  the  carbon  thread  did  not  work 
very  well.  The  hot  carbon  gave  light, 
but  the  heat  soon  made  the  carbon 
fall  to  pieces.  The  first  electric-light 
bulb  lasted  only  about  forty  hours. 
So  scientists  went  to  work  to  find  a 
better  material.  They  wanted  a ma- 
terial that  would  last  longer  and  give 
more  light. 

To  find  out  what  material  is  used 
today,  suppose  that  you  get  a worn- 
out  electric-light  bulb.  Break  it  so 
that  you  can  look  at  the  inside.  Wrap 
the  bulb  in  cloth  or  paper  when  you 
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You  probably  have  seen  neon  lights  like  this  garage  sign  in  your  town.  The  girl  in  the 
other  picture  is  inspecting  fluorescent  lamps  in  a factory  where  they  are  made. 


break  it  to  keep  the  glass  from  cutting 
you.  Or  hold  the  bulb  under  water. 
What  do  you  find  inside? 

Inside  the  bulb,  you  see  a fine, 
silver-colored  wire.  It  is  almost  as  thin 
as  a hair  on  your  head.  This  is  the 
filament.  Take  hold  of  the  filament 
and  pull  it  out  as  far  as  you  can. 
Do  you  see  that  it  is  a long  wire  that 
was  coiled  up  into  a small  space? 
When  a current  flows  through  this 
wire,  it  heats  the  wire  white-hot. 
Then  the  wire  filament  gives  the  light 
that  we  use. 

The  filament  is  made  of  a metal 
called  tungsten.  This  metal  lasts  for 
hundreds  of  hours  and  gives  a very 
bright  light.  It  takes  a great  deal  of 
energy  to  make  an  electric  current 
flow  through  a tungsten  wire.  This 
energy  is  changed  into  a large  amount 
of  heat.  The  heat  makes  the  wire 


white-hot,  and  the  white-hot  wire 
gives  a very  bright  light. 

Not  many  years  ago,  scientists  dis- 
covered another  way  of  using  electric 
current  to  give  light.  They  found  that 
some  gases  will  glow  and  give  light 
when  current  flows  through  them. 
One  of  these  gases  is  neon.  The  gas 
is  sealed  in  a glass  tube,  and  then  a 
current  is  sent  through  it.  Neon  gas 
glows  with  an  orange-red  light.  Other 
gases  give  light  of  different  colors. 
Many  advertising  signs  are  made  of 
glass  tubes  with  these  gases  in  them. 

Of  course,  we  do  not  use  these 
glowing  gases  for  lamps  in  our  homes 
and  buildings.  But  there  is  a new  kind 
of  lamp  that  we  do  use.  You  may  have 
this  kind  in  your  home.  It  is  called  a 
fluorescent  lamp.  Fluorescent  lamps 
use  less  current  to  give  the  same 
amount  of  light  as  ordinary  bulbs  do. 
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In  junk  yards,  huge  magnets  are  used  to  lift  tons  of  iron  and  steel  from  the  scrap  piles. 
After  you  have  read  the  next  few  pages,  you  will  understand  how  these  magnets  work. 


A fluorescent  lamp  has  a glass  tube 
shaped  like  a rod  or  a ring.  Inside  the 
tube  is  a small  amount  of  the  liquid 
metal  called  mercury.  When  a cur- 
rent flows  through  the  tube,  the  mer- 
cury gets  so  hot  that  it  changes  to  a 


gas.  The  gas  gives  off  a certain  kind 
of  ray  that  we  cannot  see.  The  inside 
of  the  glass  tube  has  a coating  of 
special  materials.  The  rays  strike 
these  materials  in  the  glass  tube  and 
make  them  glow. 


1.  Which  is  hotter,  a red-hot  wire  or  a white-hot  wire? 

2.  What  is  a filament?  How  does  it  give  light? 

3.  Why  is  copper  wire  not  used  in  electric-light  hulhs? 

4.  Explain  why  tungsten  is  a good  material  for  filaments  in  light 

hulhs. 

5.  Why  did  scientists  try  to  improve  the  first  electric-light  hulh? 

6.  How  does  a neon  lamp  give  light? 

7.  What  is  a fluorescent  lamp? 
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How  can  we  use  electric  current  to  make  a magnet? 


Did  you  ever  see  a machine  like 
the  one  in  the  picture  on  page 
142?  It  is  called  a crane,  and  it  is 
used  to  pick  up  heavy  loads.  Some 
cranes  use  a hook  to  pick  things  up, 
but  this  crane  uses  a round,  flat  mag- 
net. You  can  see  cranes  like  this  one 
in  railroad  yards,  steel  mills,  junk 
yards,  and  other  places  where  large 
amounts  of  iron  and  steel  are  loaded 
and  unloaded. 

If  you  watch  one  of  these  cranes  at 
work,  you  see  it  move  out  over  a pile 
of  iron  or  steel.  The  magnet  is  low- 
ered until  it  touches  the  pile.  When 
the  magnet  is  lifted,  tons  of  iron  and 
steel  may  be  clinging  to  it.  You  can 
see  that  the  magnet  must  be  very 
strong  to  lift  this  heavy  weight.  It 
is  much  stronger  than  any  magnet 
you  have  used. 

The  crane  moves  along  until  the 
load  of  iron  and  steel  is  over  a rail- 
road car.  Then  all  at  once  the  metal 
drops  into  the  car.  Somehow  the  mag- 
net has  lost  its  force.  Again  and  again, 
the  crane  moves  from  the  pile  of  iron 
and  steel  to  the  railroad  car  and  back 
again.  Each  time,  it  picks  up  a heavy 
load,  carries  it  to  the  car,  and  then 
drops  it. 

Of  course,  you  know  that  a man  is 
making  the  crane  work.  He  makes  the 
crane  move  along  to  the  place  where 
he  wants  the  magnet.  But  do  you 
know  why  this  magnet  has  so  much 
force?  And  can  you  tell  why  the  mag- 


net suddenly  loses  its  force?  You  can 
find  the  answers  to  these  questions 
by  doing  some  experiments.  Follow 
the  directions  carefully. 

Get  a large  nail  or  bolt.  Dip  it  into 
some  tacks  made  of  iron  or  steel.  Do 
any  of  the  tacks  stick  to  the  nail  or 
bolt?  If  no  tacks  stick,  you  know 
that  the  nail  or  bolt  is  not  a magnet. 
Now  get  a piece  of  cotton-covered 
copper  wire  about  two  feet  long. 
Scrape  about  an  inch  of  the  covering 
off  each  end  of  the  wire.  Then  wind 
part  of  the  wire  tightly  around  the 
nail  or  bolt,  as  shown  in  the  picture. 
Make  about  ten  turns  of  the  wire. 
Again  dip  the  nail  or  bolt  into  the 
tacks.  Is  the  nail  or  bolt  a magnet? 
How  do  you  know? 
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Now  connect  one  end  of  the  wire 
to  one  binding  post  of  a dry  cell.  Con- 
nect the  other  end  to  the  other  bind- 
ing post.  Once  more  dip  the  nail  or 
bolt  into  the  tacks.  What  happens  this 
time?  Is  the  nail  a magnet  now?  Dis- 
connect one  end  of  the  wire  from  the 
dry  cell.  What  happens?  Why? 

You  have  made  an  electromagnet. 
Electric  current  from  the  dry  cell 
flowed  through  the  wire  wound 
around  the  nail  or  bolt.  This  made 
the  nail  or  bolt  into  a magnet.  Your 
electromagnet  will  attract  things 
made  of  iron  or  steel.  You  know  that 
iron  and  steel  are  called  magnetic 
materials.  But  your  electromagnet 
will  not  attract  things  made  of  non- 
magnetic materials,  such  as  glass, 
cloth,  tin,  lead,  rubber,  or  wood.  Try 
it  and  see. 

The  electromagnet  is  just  like  a bar 
magnet  and  a horseshoe  magnet  in 


one  way.  It  attracts  things  made  of 
iron  and  steel.  But  the  electromagnet 
is  different  from  these  magnets  in  an- 
other way.  Do  you  know  what  it  is? 
The  next  experiment  will  help  you 
find  out. 

First,  pick  up  some  tacks  with  a 
bar  magnet  or  a horseshoe  magnet. 
How  can  you  get  the  tacks  off  the 
magnet?  You  have  to  pull  them  off. 
Now  connect  your  electromagnet  to 
the  dry  cell  and  pick  up  some  tacks. 
How  can  you  get  the  tacks  off  the 
electromagnet?  Disconnect  one  end  of 
the  wire  from  the  dry  cell.  What  hap- 
pens to  the  tacks?  How  is  the  electro- 
magnet different  from  the  bar  magnet 
or  the  horseshoe  magnet? 

When  you  disconnect  the  wire,  the 
tacks  fall  off.  The  nail  or  bolt  is  no 
longer  a magnet.  The  circuit  through 
the  wire  is  broken,  and  current  can- 
not flow  through  the  wire.  The  elec- 
tromagnet has  no  force  to  attract  iron 
and  steel  unless  current  is  flowing 
through  the  wire.  As  soon  as  the  elec- 
tric current  is  turned  off,  the  electro- 
magnet loses  its  force  and  drops  its 
load  of  tacks. 

Now  do  you  see  one  way  that  an 
electromagnet  is  different  from  other 
magnets?  You  cannot  control  the 
force  of  a bar  magnet  or  a horseshoe 
magnet.  But  you  can  easily  control 
the  force  of  an  electromagnet.  All  you 
have  to  do  is  turn  the  current  on  or 
off.  An  electromagnet  is  a magnet 
only  when  an  electric  current  flows 
through  the  wire. 
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From  what  you  have  learned  about 
electromagnets,  you  can  explain  how 
the  crane  picked  up  and  dropped  its 
loads  of  iron  and  steel.  Of  course,  the 
magnet  was  an  electromagnet.  To 
pick  up  a load,  the  man  turned  on  the 
current.  The  force  of  the  electromag- 
net attracted  the  iron  and  steel.  To 
drop  the  load,  the  man  just  turned  off 
the  current.  At  once,  the  electro- 
magnet lost  its  force  and  the  load  of 
iron  and  steel  fell. 

Before  you  do  any  more  experi- 
ments with  electric  current,  you 
should  learn  something  that  will  help 
keep  the  dry  cells  from  wearing  out 
too  fast.  When  you  are  not  using  an 
electromagnet,  always  disconnect  the 
wire  from  one  binding  post  of  the  dry 
cell.  Or  you  can  put  a switch  in  the 
circuit  so  that  you  can  easily  turn  the 
current  on  or  off. 

To  pick  up  tons  of  iron  and  steel,  an 
electromagnet  must  have  a great  deal 
of  force.  Scientists  know  how  to  make 
very  strong  electromagnets.  These 
magnets  have  much  more  force  than 
a bar  magnet  or  a horseshoe  magnet. 
Do  you  know  how  to  make  the  force 
of  an  electromagnet  stronger?  Here 
is  an  experiment  that  will  show  you 
one  way  to  do  it. 

Connect  the  electromagnet  that  you 
made  to  a dry  cell.  Count  the  number 
of  tacks  that  it  will  pick  up.  Discon- 
nect the  wire  from  one  binding  post 
of  the  cell.  Then  wind  more  turns  of 
wire  around  the  nail  or  bolt.  Connect 
the  wire  to  the  cell  again.  How  many 


tacks  will  the  electromagnet  pick  up 
this  time?  This  experiment  shows  you 
that  more  turns  of  wire  make  an  elec- 
tromagnet stronger. 

You  can  learn  another  way  to  make 
an  electromagnet  stronger  by  doing 
another  experiment.  Study  the  pic- 
ture carefully  to  find  out  how  to  con- 
nect two  dry  cells  to  the  electromag- 
net. Then  connect  the  cells  to  the 
electromagnet.  Count  the  number  of 
tacks  that  it  will  pick  up  now.  Did 
the  electromagnet  attract  still  more 
tacks?  Two  dry  cells  connected  in  this 
way  make  the  current  stronger  than 
it  is  when  only  one  dry  cell  is  used. 
When  a stronger  current  flows 
through  the  wire,  the  electromagnet 
has  more  force. 

Electromagnets  are  useful  because 
we  can  control  their  force  and  make 
them  very  strong.  With  an  electro- 
magnet, we  can  use  an  electric  current 
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An  electromagnet  underneath  this  truck  picks  up  nails  and  other  pieces  of  metal  from 
the  road. 


to  move  things.  If  you  look  around 
your  home,  you  can  probably  find 
some  electromagnets.  Look  for  things 


that  are  moved  by  electric  current. 
You  will  find  that  there  is  always  an 
electromagnet  in  them. 


1 . What  things  do  you  need  to  make  an  electromagnet? 

2.  How  can  you  put  these  things  together  to  make  an  electromagnet? 

3.  What  are  two  ways  to  make  an  electromagnet  stronger? 

4.  How  is  an  electromagnet  like  a bar  magnet  or  a horseshoe  magnet? 

How  is  it  different? 

5.  Why  do  you  think  electromagnets  are  useful? 


How  does  a telegraph  work? 


For  a long  time,  people  have 
wanted  faster  ways  to  send  mes- 
sages. But  until  the  telegraph  was  in- 
vented about  100  years  ago,  there 
were  no  really  fast  ways  to  get  news 
from  one  place  to  another  place  far 


away.  You  have  probably  read  that 
an  American  inventor,  Samuel  F.  B. 
Morse,  made  the  first  telegraph  and 
sent  the  first  message  over  wires.  The 
telegraph  was  one  of  the  first  inven- 
tions to  use  an  electromagnet. 
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This  picture  shows  you  the  parts  you  need  for  making  a telegraph  set,  and  how  to  put 
the  parts  together. 


You  can  easily  learn  how  a tele- 
graph works  if  you  make  a telegraph 
set  like  the  one  in  the  picture.  First, 
make  the  sounder.  This  is  the  part 
that  clicks  when  a telegraph  is  work- 
ing. Get  two  pieces  of  soft  wood.  Use 
one  piece  for  the  base  and  the  other 
for  the  back.  Make  the  electromag- 
net by  winding  twenty-five  or  thirty 
turns  of  insulated  copper  wire  around 
a large  nail.  Drive  the  nail  part  way 
into  the  base.  It  is  a good  idea  to  drill 
a small  hole  in  the  wood  before  you 
drive  the  nail.  The  hole  will  keep  the 
nail  from  splitting  the  wood.  Now 
nail  the  back  to  the  base. 

Next,  cut  a strip  from  a tin  can. 
The  strip  should  be  about  three  quar- 
ters of  an  inch  wide  and  four  inches 
long.  Of  course,  you  know  that  the 
tin  can  is  made  of  steel  covered  with 
a very  thin  layer  of  tin.  Drill  a little 
hole  in  one  end  of  the  strip.  Then 
fasten  it  to  the  wood  base  with  a 


screw.  Bend  the  strip  so  that  one  end 
is  about  one  eighth  of  an  inch  above 
the  top  of  the  nail.  The  strip  will  be 
the  armature.  It  is  the  part  that 
moves.  Drive  a small  nail  in  the  wood 
back  just  above  the  armature.  To 
make  binding  posts  for  the  wires,  put 
two  screws  in  the  wood  base.  Connect 
the  ends  of  the  wire  from  the  electro- 
magnet to  the  binding  posts. 

Now  make  the  key.  Use  a strip  from 
a tin  can.  The  strip  should  be  the 
same  size  as  the  armature.  Drill  a 
small  hole  in  one  end  of  the  strip. 
Fasten  the  strip  to  the  wood  with  a 
screw,  in  the  position  shown  in  the 
picture.  Bend  the  strip  so  that  the 
other  end  is  off  the  wood.  Put  another 
screw  under  this  end  of  the  strip.  The 
strip  should  touch  this  screw  when 
you  push  the  end  down.  Connect  the 
key  and  the  sounder  to  a dry  cell,  as 
shown  in  the  picture.  Now  you  can 
find  out  how  a telegraph  works. 
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Push  down  on  the  key  so  that  the 
strip  touches  the  screw.  Do  you  hear 
the  sounder  click?  Can  you  tell  why 
it  clicks?  The  key  is  a kind  of  switch, 
or  push  button.  When  the  key  is 
pushed  down,  it  closes  the  circuit. 
Current  flows  through  the  wire  of  the 
electromagnet.  The  magnet  pulls 
down  on  the  armature.  When  the 
armature  hits  the  top  of  the  nail,  it 
makes  a click. 

Now  take  your  finger  off  the  key. 
Do  you  hear  the  sounder  click  again? 
Can  you  tell  why  it  clicks?  When  the 
key  springs  up,  it  breaks  the  circuit. 
Current  no  longer  flows  through  the 
wire  of  the  electromagnet.  The  mag- 
net loses  its  force,  and  the  armature 
springs  away  from  the  nail.  When  it 
hits  the  nail  above,  it  makes  another 
click. 

To  send  messages  with  his  tele- 
graph, Morse  worked  out  a code  of 


dots  and  dashes  for  each  letter  of  the 
alphabet.  A dot  is  made  by  pushing 
the  key  down  and  letting  it  up  quickly. 
This  makes  two  clicks  close  together. 
A dash  is  made  by  holding  the  key 
down  a little  longer.  This  makes  two 
clicks  farther  apart.  Can  you  use  the 
code  on  this  page  to  send  a message 
with  your  telegraph  set? 


A •- 

J 

R 

B -V  • 

K 

S 

c 

L 

T - 

D - • • 

M -- 

U • • - 

E • 

N - • 

V • • • - 

F 

0 — 

w 

G 

P 

X - • • - 

H • • • • 
I • • 

Q 

Y 

Z . 

When  you 

looked  for  electromag- 

nets  in  your  home,  you  looked  for 


something  that  was  moved  by  an  elec- 
tric current.  The  electromagnet  in 
your  telegraph  sounder  moved  the 


Look  carefully  at  this  picture  to  see  how  to  use  your  telegraph  set. 
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strip  above  it.  This  strip  is  the  arma-  electrical  device  is  also  called  the 

ture,  as  you  know.  The  part  that  is  armature.  You  will  see  armatures  in 

moved  by  an  electromagnet  in  any  electric  bells  and  motors. 


1.  When  the  key  of  a telegraph  set  is  pushed  down , what  happens? 

Why? 

2.  What  happens  when  the  key  is  let  up?  Why? 

3.  How  do  telegraph  operators  make  dots  and  dashes? 

4.  Could  you  use  a bar  magnet  instead  of  an  electromagnet  in  a tele- 

graph sounder?  Explain  your  answer. 

5 . Do  you  think  you  could  find  an  armature  in  a toy  electric  train? 

Why? 


How  does  an  electric  bell  ring? 


Perhaps  you  heard  the  doorbell 
ring  while  you  were  looking  for 
electromagnets  in  your  home.  If  you 
watched  the  bell,  you  saw  the  hammer 
move  and  hit  the  gong.  Is  there  an 
electromagnet  in  the  bell?  The  way  to 
find  out  is  to  look  inside.  If  you  take 
off  the  boxlike  metal  cover,  you  can 
see  one  or  two  coils  of  wire  wound 
around  an  iron  rod.  This  is  the  elec- 
tromagnet. Can  you  find  the  arma- 
ture? It  is  the  strip  of  iron  near  the 
electromagnet.  The  hammer  that 
strikes  the  gong  is  fastened  to  the 
armature. 

You  know  that  an  electric  bell  rings 
when  you  press  down  on  a push  but- 
ton. The  push  button  is  a kind  of 
switch.  When  you  push  it,  it  closes 
the  circuit.  Current  flows  through  the 
wires,  and  the  bell  rings.  It  keeps  on 
ringing  as  long  as  you  hold  the  push 


button  down.  It  does  not  stop  until 
you  take  your  finger  off  the  button. 
Then  the  circuit  is  broken,  and  cur- 
rent no  longer  flows  through  the  bell. 
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GONG 


CONTACT  POINT  - 
SPRING  ------ 

ARMATURE 


HAMMER 


CONTACT  POINT 
SPRING- 

ARMATURE 


If  you  do  this  experiment,  you  can 
see  what  happens  inside  a bell  when 
it  rings.  The  cover  should  be  off  the 
bell.  Connect  the  bell  to  a push  button 
and  a dry  cell,  as  shown  in  the  pic- 
ture on  page  136.  Press  the  push  but- 
ton and  watch  the  armature  move 
quickly  back  and  forth.  Each  time  the 
armature  moves  toward  the  electro- 
magnet, the  hammer  strikes  the  gong. 

But  why  does  the  armature  move 
back  and  forth?  Take  your  finger  off 
the  push  button  and  look  at  the  bell 
when  it  is  not  ringing.  Notice  that  a 
little  metal  spring  is  fastened  to  the 
armature.  The  tip  of  this  spring 
touches  the  contact  point.  You  can 
see  the  spring  and  the  contact  point 
in  the  picture. 

The  contact  point  and  the  spring 
work  like  a little  switch  inside  the 
bell.  When  the  spring  touches  the 
contact  point,  the  switch  is  closed. 
If  someone  pushes  the  button  now, 


current  will  flow  through  the  electro- 
magnet of  the  bell.  Look  at  Picture  1. 
You  see  that  the  spring  touches  the 
contact  point.  When  the  current  flows 
through  the  electromagnet,  the  arma- 
ture is  pulled  toward  the  magnet  and 
the  hammer  strikes  the  gong. 

Push  the  armature  against  the  elec- 
tromagnet and  hold  it  there.  Is  the 
spring  now  touching  the  contact 
point?  You  can  see  a little  space  be- 
tween the  spring  and  the  contact 
point.  This  is  a break  in  the  circuit. 
So,  of  course,  current  cannot  flow. 
Look  at  Picture  2.  This  shows  how 
the  circuit  is  broken  when  the  spring 
is  pulled  away  from  the  contact  point. 

When  the  circuit  is  broken,  you 
know  what  will  happen.  No  current 
flows.  The  electromagnet  loses  its 
force.  It  will  no  longer  pull  the  arma- 
ture to  it.  Now  release  the  armature. 
You  will  see  that  it  will  move  away 
from  the  electromagnet  again.  And 
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the  hammer  moves  away  from  the 
gong.  Again,  the  spring  touches  the 
contact  point  as  shown  in  Picture  1. 
Current  flows  through  the  electro- 
magnet once  more.  The  armature  is 
pulled  toward  it  and  the  hammer 
strikes  the  gong.  All  this  happens 
over  and  over  again  many  times  a 
second.  The  bell  keeps  ringing  as  long 
as  you  hold  the  push  button  down. 


An  electric  buzzer  works  just  like 
an  electric  bell.  But  a buzzer  has  no 
hammer  and  no  gong.  The  buzzing 
sound  is  made  by  the  armature  as  it 
moves  quickly  back  and  forth.  If  you 
can  get  a buzzer,  take  off  the  cover 
and  find  the  different  parts.  Then  con- 
nect the  buzzer  to  a push  button  and 
a dry  cell.  Watch  what  happens  when 
you  press  the  push  button  down. 


1.  What  parts  of  an  electric  hell  are  the  same  as  the  parts  of  a tele- 

graph sounder? 

2.  What  part  of  a hell  circuit  is  used  like  the  key  in  a telegraph  cir- 

cuit? 

3.  Why  is  the  armature  of  the  hell  pulled  toward  the  electromagnet? 

4.  When  the  push  button  is  held  down,  why  does  the  hammer  of  a 

hell  not  stay  against  the  gong? 

How  does  an  electric  motor  run? 

Did  you  see  any  electric  motors 
while  you  were  looking  for  elec- 
tromagnets? Electric  trains,  fans, 
washing  machines,  and  food  mixers 
all  have  motors  to  make  them  go. 

There  must  be  an  electromagnet  in  an 
electric  motor,  because  the  motor  has 
a part  that  moves.  This  part  is  called 
the  armature,  as  you  know. 

The  picture  on  this  page  shows  a 
small  toy  motor.  You  can  see  three 
little  electromagnets  on  the  armature. 

There  is  a larger  electromagnet  fas- 
tened in  the  frame  below.  When  the 
current  is  turned  on,  the  three  little 
electromagnets  whirl  around  very 
fast. 
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Do  you  know  why  the  electromag- 
nets in  the  armature  whirl  around? 
Before  you  can  find  out,  you  will  need 
to  remember  some  things  that  you 
learned  about  magnets. 

1.  Every  magnet  has  two  poles. 
One  is  called  the  north  pole,  or  N pole. 
The  other  is  called  the  south  pole,  or 
S pole. 

2.  Unlike  poles  attract  each  other. 
An  N pole  and  an  S pole  pull  toward 
each  other. 

3.  Like  poles  repel  each  other.  An 
N pole  pushes  another  N pole  away. 
An  S pole  also  pushes  another  S pole 
away. 

Do  you  think  that  an  electromagnet 
has  an  N pole  and  an  S pole?  To  find 
out,  do  this  experiment.  Test  an  elec- 
tromagnet with  a bar  magnet.  Tie  a 
string  around  the  middle  of  the  bar 
magnet.  Fasten  the  string  to  a sup- 
port so  that  the  magnet  can  swing 
freely.  Connect  an  electromagnet  to 
a dry  cell.  Bring  one  end  of  the  elec- 
tromagnet near  the  N pole  of  the  bar 
magnet.  What  happens? 

Now  bring  the  same  end  of  the  elec- 
tromagnet near  the  S pole  of  the  bar 


magnet.  What  happens  this  time? 
Think  of  what  you  know  about  mag- 
nets. Does  this  experiment  show  that 
an  electromagnet  has  an  N pole  and 
an  S pole? 

An  electromagnet  has  an  N pole 
and  an  S pole  just  like  other  magnets. 
If  two  electromagnets  are  brought 
near  each  other,  they  act  just  the  way 
other  magnets  do.  The  unlike  poles 
attract  each  other,  and  the  like  poles 
repel  each  other. 

Now  let  us  see  how  electromagnets 
can  make  a motor  turn.  An  experi- 
ment will  show  you  how  magnets  can 
pull  and  push  each  other.  Tie  a bar 
magnet  to  a support,  just  as  you  did 
before.  Now  hold  the  N pole  of  an- 
other bar  magnet  in  front  of  the 
S pole  of  the  hanging  magnet.  The 
hanging  magnet  will  swing  toward 
the  magnet  in  your  hand.  Just  before 
the  magnets  touch,  take  your  magnet 
away. 

Then  hold  the  S pole  of  this  magnet 
back  of  the  S pole  of  the  hanging  mag- 
net. The  hanging  magnet  will  swing 
away  from  the  magnet  in  your  hand. 
If  you  are  careful,  you  can  do  this 


The  picture  shows  you  how  to  connect  a toy  motor  to  two  dry  cells. 
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This  man  has  a machine  shop  in  his  basement.  He  is  going  to  use  an  electric  motor  to 
run  his  saw  and  other  tools.  By  connecting  the  motor  to  the  rod  he  can  run  several 
different  tools  with  the  same  motor.  Look  at  the  picture  to  see  how  this  is  done. 


over  and  over  again.  The  hanging 
magnet  will  go  around  very  fast.  Try 
the  experiment  again.  This  time,  use 
your  electromagnet  in  place  of  the 
bar  magnet  that  you  held  in  your 
hand.  Does  the  same  thing  happen 
this  time? 

In  an  electric  motor,  the  electro- 
magnets are  arranged  so  that  when 
the  poles  pull  and  push  each  other, 
the  armature  whirls  around  and 
around.  Of  course,  the  armature 
whirls  only  when  the  current  is  flow- 
ing through  the  electromagnets.  When 


no  current  is  flowing,  the  electromag- 
nets have  no  force.  Then  the  poles 
cannot  pull  or  push  each  other  and 
the  armature  does  not  move. 

If  you  have  a toy  electric  motor, 
connect  it  to  some  dry  cells  and  make 
it  run.  The  picture  on  page  152  shows 
you  how  to  connect  the  cells  to  the 
motor.  The  motor  will  turn  the  wheels 
of  toy  machines.  Of  course,  much  big- 
ger motors  are  used  to  drive  the 
wheels  of  large  machines.  All  over  the 
world,  electric  motors  are  doing  work 
by  turning  millions  of  wheels.  Wher- 
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Will  the  current  flow  in  the  circuit  pictured  on  the  left?  Why  do  you  think  so?  Do  you 
think  it  would  he  safe  to  use  the  cord  shown  in  the  other  picture?  Why? 


ever  wheels  are  turned  by  electric  cur-  making  them  go.  And  you  know  that 
rent,  you  can  be  sure  that  motors  are  electromagnets  make  the  motors  run. 


1.  What  device  can  you  always  find  in  an  electric  motor? 

2.  Explain  why  a motor  would  not  run  if  electromagnets  did  not  have 

poles. 

3.  Why  must  the  frame  of  a motor  also  he  a magnet? 


QUESTIONS  TO  ANSWER 


1.  Why  should  you  follow  the  safety 
rules  when  you  use  electric  current? 

2.  Give  three  important  ways  in 
which  we  use  electric  current. 

3.  If  the  electric  current  goes  off  in 
your  community,  what  things  stop 
working?  Make  a list  of  these  things. 

4.  What  things  might  happen  that 
would  stop  the  electric  current  from 
flowing  in  your  home? 

5.  How  do  we  know  that  electric  cur- 
rent has  energy? 


6.  Suppose  that  you  connected  a toy 
motor  and  a switch  to  a dry  cell,  but 
the  motor  would  not  run.  What  things 
would  you  check  to  find  out  why  the 
motor  did  not  go? 

7.  How  do  you  think  motors  are 
made  strong  enough  to  run  big  ma- 
chines? 

8.  The  sun  and  the  force  of  gravity 
both  help  supply  us  with  electric  cur- 
rent. How  do  you  think  that  they  do 
this? 
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THINGS  TO  DO 


1.  Find  out  where  your  community 
gets  its  electric  current.  Visit  the  pow- 
erhouse if  you  can.  What  form  of  en- 
ergy is  used  to  run  the  generators? 

2.  Can  you  find  a transformer  on  a 
pole  near  your  home?  Ask  the  electric 
company  what  this  transformer  does  to 
the  electric  current. 

3.  Find  out  how  storage  batteries 
are  charged. 

4.  If  you  have  an  electric  stove,  find 
out  whether  special  wires  are  needed 
to  carry  the  current.  Are  there  special 
fuses  for  the  stove?  How  are  they  dif- 
ferent from  the  other  fuses  in  your 
home? 

5.  Try  to  find  fuses,  switches,  and 
other  electrical  devices  in  your  school. 

6.  Visit  a telegraph  office  and  see 
how  messages  are  sent. 


7.  Get  an  old  electric  heating  pad 
and  take  it  apart.  Find  out  how  it  is 
insulated.  What  is  the  heating  element 
made  of? 

8.  Read  about  laying  the  first  tele- 
graph cable  across  the  Atlantic  Ocean. 

9.  Find  out  how  much  electric  cur- 
rent costs  in  your  community. 

10.  A rheostat  is  used  to  control  elec- 
tric current.  Find  out  what  rheostats 
are  made  of  and  how  they  work. 

11.  Read  about  Alexander  Graham 
Bell  and  the  invention  of  the  telephone. 

12.  Watch  for  stories  in  the  news- 
papers about  accidents  with  electric 
current.  Cut  the  stories  out  and  make 
a Safety  Scrapbook  of  these  stories. 

13.  Find  out  whether  there  are  elec- 
tromagnets in  a generator.  Does  a gen- 
erator have  an  armature? 
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* In  Unit  Six  Ton  Will  Learn  * 


* Where  we  get  light  * How  light  travels  * When  we  can  see  things  * 
* Why  you  can  see  yourself  in  a mirror  * What  lenses  do  to  light  * 

* How  we  can  see  things  that  are  very  small  or  Jar  away  * 

* How  we  see  things  * Why  things  have  different  colors  * 


How  Do  We  Use  Light? 


When  do  you  use  light?  Perhaps 
you  will  answer,  “I  use  light  on 
dark  days  and  at  night.”  If  you  say 
that,  you  are  only  telling  when  you 
use  artificial  light.  Artificial  means 
made  by  some  person  or  thing,  or  not 
natural.  We  get  artificial  light  from 
electric-light  bulbs,  kerosene  lamps, 
gas  lamps,  and  candles.  But  you  are 
using  light  every  minute  you  are 
awake.  Whenever  you  use  your  eyes, 
you  are  using  light.  If  you  do  not  be- 
lieve this,  shut  yourself  in  a dark 
closet.  Can  you  see  anything  without 
light? 

You  can  use  light  better  if  you  un- 
derstand some  things  about  it.  You 

Where  do  we 

We  are  so  used  to  turning  on 
electric  lights  that  we  just  take 
artificial  light  for  granted.  But  people 
lived  on  earth  for  a long  time  before 


can  also  explain  many  interesting 
things  if  you  know  how  light  acts. 
When  the  whistle  on  a steam  engine 
blows  at  a distance  from  you,  why  do 
you  see  the  “steam”  before  you  hear 
the  sound?  Things  appear  to  be  much 
larger  when  you  look  at  them  through 
a microscope  or  a telescope  than  when 
you  use  just  your  naked  eyes.  Do  you 
know  why?  You  can  see  yourself  in 
a mirror,  but  you  cannot  see  yourself 
in  a brick  wall.  After  you  have  studied 
this  unit,  you  will  know  how  light 
acts.  Then  you  should  be  able  to  ex- 
plain how  these  and  other  interesting 
things  happen.  You  will  also  know 
why  you  must  take  care  of  your  eyes. 

get  light? 

they  learned  how  to  make  any  kind 
of  light.  The  only  light  they  had  came 
from  the  sun.  On  dark  days  and  at 
night,  they  lived  in  darkness.  Some- 
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times  they  saw  red-hot  lava  pouring 
from  volcanoes,  or  they  saw  light  from 
trees  that  had  caught  fire  when  they 
were  struck  by  lightning.  At  first,  peo- 


ple were  afraid  of  fire.  They  ran  away 
from  it.  But  after  a while,  people 
learned  to  use  fire  to  get  heat  and  light. 

People  found  that  they  could  pull 
a blazing  stick  from  a fire  and  use  it 
as  a torch.  They  could  carry  this 
lighted  torch  with  them.  If  they 
wanted  to  go  to  a stream  or  a lake 
for  a drink  at  night,  they  could  take 
the  torch  along.  Or  they  could  use  it 
to  light  up  a dark  cave.  They  used 
several  kinds  of  wood  to  make 
torches,  but  they  found  that  pine 
knots  made  the  brightest  blaze.  They 
also  discovered  that  sticks  smeared 
with  grease  would  make  a good  light. 

After  many  hundreds  of  years,  peo- 
ple learned  how  to  get  oil  from  certain 
kinds  of  animals  and  plants.  They  put 
the  oil  in  a hollow  stone,  a sea  shell, 
an  animal  skull,  or  a little  clay  dish. 
When  they  set  fire  to  the  oil,  it  gave 
light.  After  a time,  someone  thought 
of  a better  way  to  make  light.  Fibers 
from  plants  were  woven  into  a strip 
to  make  a wick.  One  end  of  the  wick 
was  set  in  a bowl  of  oil.  When  the 
wick  had  soaked  up  some  of  the  oil, 
the  other  end  was  lighted.  This  lamp 
gave  a better  light,  and  it  burned 
longer.  The  light  could  be  controlled 
by  using  a big  wick  or  a little  one. 

The  Roman  spout  lamp  and  the 
Betty  lamp  were  oil  lamps.  They 
had  simple  wicks  that  hung  out  of 
the  spouts.  The  early  settlers  in  New 
England  used  Betty  lamps.  They 
could  stick  the  sharp  pointed  hook  in 
between  the  stones  of  the  fireplace. 
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Long  after  people  first  used  oil, 
they  learned  how  to  make  candles. 
They  poured  hot,  liquid  wax  around 
a wick.  When  the  wax  cooled,  it  hard- 
ened. This  made  a candle.  Candles 
were  much  better  than  bowls  of  oil, 
because  they  could  be  carried  around. 

Then  about  100  years  ago,  an  excit- 
ing discovery  was  made  in  Pennsylva- 
nia. A huge  supply  of  thick,  black  oil 
was  found  in  the  earth.  From  this 
oil,  kerosene  was  made.  Kerosene 
was  burned  in  lamps  with  wicks  and 
glass  chimneys.  It  gave  a much  better 
light  than  candles.  In  homes  that  do 
not  have  electric  current,  kerosene 
lamps  are  still  used.  But  the  light 
from  a kerosene  lamp  is  not  very 
bright,  and  it  is  a nuisance  to  take 
care  of  the  lamp.  It  has  to  be  filled 
with  kerosene.  The  wick  must  be 
trimmed  so  that  it  will  burn  evenly, 
and  the  chimney  must  be  washed 
almost  every  day. 

The  search  for  an  even  better  light 
went  on.  Scientists  had  been  experi- 
menting with  a gas  that  comes  from 
coal  when  coal  is  heated.  This  gas 
burns  easily.  Special  lamps  were  in- 
vented to  use  the  burning  gas  for 
light.  Then  large  amounts  of  another 
gas  were  found  in  the  earth  when  men 
drilled  for  oil.  This  natural  gas  was 
piped  to  cities  to  supply  a cheaper 
and  better  light  than  people  had  ever 
used  before.  We  still  use  much  natu- 
ral gas  and  coal  gas  for  cooking. 

All  this  time,  people  had  been  burn- 
ing something  to  get  light.  Wood,  oil, 


wax,  kerosene,  and  gas  were  the  ma- 
terials that  they  burned.  But  you 
know  that  a material  is  soon  used  up 
when  you  burn  it.  Then  you  must 
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get  more  material  before  you  can  have 
light  again.  Scientists  kept  trying  to 
find  some  way  of  getting  light  without 
burning  a material. 

Then  about  seventy  years  ago, 
Thomas  Edison  found  a way  to  use 
electric  current  to  get  light.  In  his  first 
electric-light  bulb,  he  put  a filament 
of  carbon.  It  glowed  brightly  when 
a current  flowed  through  it.  Edison 
found  that  the  carbon  filament  would 
burn  up  quickly  if  there  was  air 
around  it.  He  wanted  to  get  light  with- 
out having  a material  burn.  So  he  put 
the  filament  inside  a glass  bulb.  Then 


he  pumped  almost  all  the  air  out  of 
the  bulb.  His  first  electric  lamp  would 
give  light  for  about  forty  hours  before 
the  filament  was  used  up. 

Today  we  have  much  better  elec- 
tric lights,  as  you  know.  The  filament 
in  an  electric  lamp  is  now  made  of 
tungsten.  This  metal  gives  a much 
brighter  light  than  carbon,  and  it  lasts 
much  longer.  A lamp  with  a tungsten 
filament  can  be  turned  on  and  off 
many  times  before  it  wears  out.  Fluo- 
rescent lamps  use  mercury  vapor  to 
give  light.  They  have  no  filaments, 
and  they  last  a long  time. 


1.  What  different  ways  have  people  used  to  light  their  homes? 

2.  Name  some  discoveries  that  helped  people  to  get  a better  light. 

3.  How  is  an  electric  lamp  different  from  a kerosene  lamp  or  a candle? 

4.  Why  would  you  rather  have  your  home  lighted  by  electric  current 

than  by  kerosene? 

How  does  light  travel? 


About  the  time  that  the  first  set- 
tlers were  coming  from  Europe 
to  America,  there  lived  in  Italy  one  of 
the  most  famous  scientists  the  world 
has  ever  known.  His  name  was  Gali- 
leo. One  day,  he  was  thinking  about 
what  light  does.  He  began  to  wonder 
whether  light  took  time  to  reach  his 
eyes.  He  asked  himself  this  question, 
“If  someone  lights  a lamp  far  away 
from  me,  do  I see  the  light  at  once? 
Or  does  it  take  time  for  the  light  to 
reach  me?” 

Galileo  was  a great  scientist.  He 


experimented  to  see  whether  he 
could  find  out  what  is  true.  He  did 
not  just  guess.  Before  he  tried  to  find 
out  why  things  happened,  he  did  some 
experiments.  To  answer  his  question 
about  light,  Galileo  worked  out  an 
experiment.  He  sent  some  men  up 
on  a high  hill  with  a lantern.  The 
lantern  had  shutters  that  could  be 
opened  and  closed  very  quickly. 

Before  the  men  left,  Galileo  said  to 
them,  “I  will  stand  on  top  of  another 
high  hill  several  miles  away  with  a 
lantern  like  yours.  As  soon  as  you  see 
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me  flash  my  light,  flash  yours.  Maybe 
I can  find  out  how  long  it  takes  for 
you  to  see  my  light  and  for  me  to 
see  yours.” 

The  experiment  was  tried  one 
night,  but  it  failed.  Galileo  never 
found  the  answer  to  his  question. 
Scientists  know  now  that  this  simple 
experiment  could  not  tell  Galileo  what 
he  wanted  to  find  out  because  it  took 
the  men  a second  or  two  to  open  the 
shutters  of  their  lantern.  But  Galileo 
was  on  the  right  track  when  he 
thought  that  light  moves  and  that  it 
takes  time  to  move. 

Not  long  after  Galileo’s  experi- 
ment, a Danish  scientist  figured  out 
how  fast  light  travels.  It  travels  at 
the  very  high  speed  of  about  186,000 
miles  a second!  At  that  time,  few  peo- 
ple believed  that  anything  could 
travel  so  fast.  But  just  a few  years 
ago,  other  scientists  did  an  experi- 
ment that  was  much  like  the  one  that 
Galileo  tried.  This  time,  they  had  a 


special  way  of  flashing  the  light  and 
finding  how  long  it  took  light  to  travel 
to  a far-off  mountain  and  back.  The 
experiment  showed  that  light  travels 
at  the  speed  of  186,284  miles  a second. 
This  is  faster  than  any  other  speed 
you  have  heard  of. 

You  remember  that  sound  travels 
about  1100  feet  a second  through  air. 
Light  travels  nearly  a million  times 
as  fast  as  sound.  Now  do  you  under- 
stand why  you  see  the  “steam”  from 
a distant  whistle  before  you  hear  the 
sound?  Light  from  the  steam  travels 
much  faster  than  the  sound  from  the 
whistle. 

You  can  also  explain  why  you  hear 
thunder  after  you  see  lightning.  The 
lightning  and  the  thunder  happen  at 
the  same  time,  but  the  light  from  the 
flash  travels  much  faster  than  the 
sound.  Whether  it  comes  from  the 
sun,  the  lightning,  an  electric  lamp, 
or  a candle,  all  light  travels  at  this 
same  high  speed. 
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Now  suppose  you  do  an  experiment 
to  find  out  more  about  how  light 
travels.  Get  two  pieces  of  cardboard. 
Punch  a small  hole  in  the  center  of 
each  piece.  Take  one  piece  in  each 
hand.  Close  one  eye.  Hold  the  pieces 
between  your  other  eye  and  a lighted 
electric  lamp  so  that  you  can  see  light 
through  both  holes.  Now  move  one 
piece  of  cardboard  a little  to  one  side. 
Can  you  see  the  light  now? 

You  find  that  you  cannot  see  the 
light  unless  the  two  holes  are  in  a 
straight  line  with  the  light.  This  is 
shown  in  the  picture  on  this  page. 
The  two  holes  have  to  be  in  line  with 
the  lamp  because  light  travels  in 
straight  lines  from  the  lamp. 

Now  try  another  experiment  to  see 
whether  this  is  true.  Get  a piece  of 
brown  wrapping  paper  big  enough  to 
cover  a window  through  which  the 
sun  is  shining.  Cut  a square  hole  in 
the  paper  and  pin  the  paper  over  the 
window.  Darken  the  room  as  much  as 
you  can.  Then  look  at  the  light  com- 


ing through  the  hole.  If  you  cannot 
see  the  light  very  plainly,  put  some 
chalk  dust  from  erasers  in  the  path 
of  the  light.  The  picture  at  the  left 
on  the  next  page  shows  what  the  path 
of  the  sunlight  looks  like.  Is  the  light 
traveling  in  a straight  line?  How  do 
you  know?  What  would  the  path  of 
the  light  look  like  if  light  did  not 
travel  in  straight  lines? 

Hold  a book  so  that  the  sunlight 
falls  directly  on  it.  Why  does  the  book 
make  a shadow?  The  light  cannot  go 
through  the  book  and  it  cannot  go 
around  it.  If  the  light  could  go  around 
the  book,  there  would  be  no  shadow. 
What  does  this  experiment  show  you 
about  the  way  light  travels? 

You  can  see  how  light  travels  by 
doing  still  another  experiment. 
Darken  the  room  as  you  did  before. 
Shine  a flashlight  on  a ball  or  globe 
as  the  boy  in  the  right-hand  picture 
on  the  next  page  is  doing.  If  light 
curves,  the  whole  ball  or  globe  will  be 
lighted. 
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Here  is  another  interesting  thing 
about  how  light  travels.  If  you  walk 
around  a lighted  lamp  or  candle,  you 
can  see  it  from  all  sides.  You  can  also 
see  it  if  you  look  down  at  it  or  up  at 
it.  This  shows  that  light  travels  out- 


ward in  all  directions  from  anything 
that  glows.  It  travels  up,  down,  and 
out  from  all  sides.  That  is  why  one 
lamp  placed  in  the  center  of  a room 
can  light  the  floor,  the  ceiling,  and 
the  walls. 


1.  Give  a reason  why  Galileo’s  experiment  failed  to  show  him  how 

fast  light  travels. 

2.  Which  of  these  sentences  are  true?  Explain  your  answer. 

a)  Sunlight  moves  faster  than  candlelight. 

h)  Sound  travels  almost  a million  times  as  fast  as  light. 

c)  Light  travels  in  a straight  path. 

d ) Light  travels  in  only  one  direction  from  a glowing  material , 

3.  The  moon  is  about  240,000  miles  from  the  earth.  About  how  long 

does  it  take  for  light  to  travel  from  the  moon  to  the  earth? 

4.  Tell  three  important  things  that  you  have  learned  about  how  light 

travels . 

5.  Why  do  things  make  shadows  when  a bright  light  shines  on  them? 
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When  can  we  see  things? 


You  may  think  that  you  already 
know  the  answer  to  the  question, 
“When  can  we  see  things?’’  The  an- 
swer seems  to  be  “We  can  see  things 
when  we  look  at  them.”  This  answer 
is  correct  as  far  as  it  goes.  But  it  is 
also  true  that  we  cannot  always  see 
things  even  when  we  do  look  at  them. 

Suppose  that  you  go  into  a pitch- 
dark  room  at  night.  You  cannot  see  a 
thing.  There  are  chairs,  tables,  pic- 
tures, and  other  things  in  the  room. 
They  are  right  in  front  of  your  eyes, 
but  still  you  cannot  see  them.  Now 
suppose  that  you  turn  on  an  electric 
lamp.  You  can  see  the  lamp  because 
it  gives  light.  Light  travels  from  the 
lamp  to  your  eyes.  That  is  why  you 


These  white  stripes  marking  the  runway 
at  an  airport  are  made  with  a paint  that 
glows. 


can  see  it.  Lighted  kerosene  lamps, 
matches,  and  candles  give  light,  too. 
So  you  can  also  see  them.  The  sun 
gives  so  much  light  that  it  is  dan- 
gerous for  us  to  look  straight  at  it. 
We  can  see  anything  that  glows,  be- 
cause it  produces  light  that  travels 
to  our  eyes. 

But  what  about  things  that  do  not 
glow?  Why  can  we  see  them?  Get 
a mirror  and  watch  what  happens 
when  light  strikes  it.  Hold  the  mirror 
so  that  light  from  the  sun  shines  di- 
rectly on  it.  Now  move  the  mirror 
around  until  it  makes  a spot  of  light 
on  the  wall  or  ceiling.  You  can  see 
that  this  spot  of  light  comes  from  the 
mirror,  because  the  spot  moves  as  you 
move  the  mirror.  The  mirror  is  like  a 
ball  player.  The  mirror  “catches”  the 
light  and  “throws”  it  on  the  wall. 

When  scientists  talk  about  light, 
they  do  not  say  that  a mirror  “throws” 
light.  They  say  that  the  mirror  reflects 
light.  As  you  know,  reflect  means 
throw  back.  A mirror  will  reflect  al- 
most all  the  light  that  strikes  it.  So 
the  spot  of  light  on  the  wall  or  ceiling 
will  be  very  bright. 

Now  put  a pan  of  water  in  the  sun- 
light. Look  for  a spot  of  light  on  the 
wall  or  ceiling.  You  see  that  the 
smooth  surface  of  the  water  will  re- 
flect light,  too.  Any  very  smooth  ma- 
terial will  reflect  light.  Mirrors  are 
sometimes  made  by  polishing  a piece 
of  metal  until  it  is  very  smooth. 


164  unit  six 


How  is  this  reflection  different  from  the  one  in  the  picture  on  page  156? 


Look  again  at  the  pan  of  water  that 
is  reflecting  the  light.  Notice  how 
smooth  the  surface  of  the  water  is. 
Now  stir  up  the  water  so  that  its  sur- 
face is  rough.  What  happens  to  the 
spot  of  light?  The  spot  looks  wavy. 
It  is  not  so  bright  as  it  was,  either. 

When  the  surface  of  the  water  was 
smooth,  it  reflected  the  light  all  in 
one  direction.  This  made  a bright 
spot.  But  when  the  surface  was 
rough,  the  light  was  reflected  in  dif- 
ferent directions.  This  scattered  the 
light.  So  the  spot  looked  wavy  and 
not  so  bright.  Smooth  surfaces  reflect 
more  light  than  rough  surfaces. 

Now  let  us  see  if  other  materials 
reflect  light.  Get  a piece  of  brown 
wrapping  paper  big  enough  to  cover 


a window  through  which  the  sun  is 
shining.  Cut  a hole  about  an  inch 
square  in  the  paper  and  pin  the  paper 
over  the  window.  Darken  the  room 
as  much  as  you  can.  Then  hold  a piece 
of  glossy,  white  cardboard  in  the  path 
of  the  sunlight  that  shines  through 
the  hole.  Does  the  cardboard  reflect 
light?  How  do  you  know?  Try  blot- 
ting paper,  white  cloth,  and  other  ma- 
terials. Use  some  dark-colored  mate- 
rials, too.  Which  materials  reflect  the 
most  light?  Which  reflect  the  least? 

The  experiments  show  that  many 
materials  reflect  light.  Some  mate- 
rials reflect  more  light  than  others. 
You  can  see  a thing  when  it  reflects 
light  to  your  eyes.  The  more  light 
that  is  reflected,  the  brighter  the  thing 
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looks.  In  a very  dark  room,  you  can 
often  see  the  faces  of  people.  But  you 
cannot  see  the  rest  of  them  if  they  are 
wearing  dark  clothes.  The  same 
amount  of  light  falls  on  both  the  faces 
and  the  dark  clothes.  But  the  dark 
clothes  reflect  only  part  of  the  light. 
The  faces  reflect  more  of  it. 

The  dark  clothes  keep  part  of  the 
light.  We  say  that  they  absorb  part  of 
the  light.  Absorb  means  take  in,  or 
soak  up.  Light-colored  materials  re- 
flect most  of  the  light  that  strikes 
them.  Dark-colored  materials  absorb 
much  of  the  light  and  reflect  only  a 
little. 

Did  you  ever  make  shadow  pictures 
on  a wall?  To  do  this,  you  must  be 
between  the  light  and  the  wall.  Then 
you  will  throw  a shadow  on  the  wall. 
The  shadow  shows  as  a black  spot  be- 
cause light  cannot  travel  through 
your  body.  Your  body  stops  it.  So 
part  of  the  wall  behind  you  is  not 
lighted. 


A material  through  which  light 
cannot  travel  is  called  an  opaque  ma- 
terial. If  there  is  an  opaque  material 
between  you  and  an  object,  you  can- 
not see  the  object.  Light  travels  in 
straight  lines.  The  opaque  material 
cuts  off  the  light  that  is  reflected  from 
the  object  toward  you.  So  you  can- 
not see  the  object. 

Not  all  materials  are  opaque.  Light 
can  travel  through  some  materials. 
You  cannot  make  a dark  shadow  with 
a piece  of  window  glass,  because  light 
goes  through  the  clear  glass.  When 
so  much  light  goes  through  a mate- 
rial that  you  can  see  things  on  the 
other  side  of  it,  we  say  that  the  mate- 
rial is  transparent.  Air  is  transparent. 
So  is  clear  water. 

You  have  probably  seen  glass 
through  which  light  can  come  al- 
though you  can  not  see  through  it. 
Electric-light  bulbs,  lamp  shades, 
doors,  and  windows  are  often  made 
of  this  glass.  Any  material  that  lets 
light  through  although  you  cannot  see 
through  it,  is  called  translucent.  Thin 
paper  and  cloth  are  translucent. 

Now  you  have  learned  several  im- 
portant things  about  light.  You  know 
that  you  can  see  some  things  because 
they  glow  and  send  light  to  your  eyes. 
You  can  see  other  things  because  they 
reflect  light  to  your  eyes.  Of  course, 
the  light  that  is  reflected  comes  from 
something  else  that  glows.  It  comes 
from  the  sun,  an  electric  lamp,  a can- 
dle, or  some  other  thing  that  gives 
light. 
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Look  at  this  picture  and  tell  which  parts  of  the  room  are  opaque,  which  parts  are  trans- 
lucent, and  which  part  is  transparent. 


When  a thing  reflects  some  light  to 
your  eyes,  you  can  see  it.  If  all  of  the 
light  is  absorbed,  you  cannot  see  the 
thing  at  all.  You  cannot  see  around 
the  corner  of  a building,  because  the 
building  is  opaque  and  light  travels 
in  straight  lines.  Light  cannot  go 


through  the  building,  and  it  cannot 
curve  around  the  corner.  You  can  see 
through  air  and  clear  glass.  They  are 
transparent.  Light  can  go  through 
translucent  materials.  But  you  can- 
not see  through  translucent  materials 
even  though  light  goes  through  them. 


1.  Why  can  you  see  the  sun  or  a lighted  lamp? 

2.  Explain  why  you  can  see  this  hook. 

3.  Why  does  a mirror  reflect  more  light  than  white  cardboard? 

4.  Why  is  a wet  street  shinier  than  a dry  street? 

5.  You  cannot  see  anything  unless  there  is  some  light.  Explain  why 

this  is  true. 

6.  How  is  an  opaque  material  different  from  a transparent  material? 

How  is  a translucent  material  different  from  a transparent  ma- 
terial? Give  an  example  of  each  kind  of  material. 

7.  Why  does  a dirty  mirror  reflect  less  light  than  a clean  mirror? 
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Why  can  you  see  yourself  in  a mirror? 


Have  you  ever  watched  a dog 
looking  at  itself  in  a mirror? 
Perhaps  you  heard  it  growl  at  itself. 
Even  young  children  are  puzzled 
when  they  first  see  themselves  in  a 
mirror.  When  some  savages  see  mir- 
rors for  the  first  time,  they  do  not  re- 
alize they  are  looking  at  themselves. 
And,  of  course,  they  do  not  have  the 
slightest  idea  why  they  can  see  them- 
selves in  a piece  of  glass. 

Do  you  know  why  you  can  see 
yourself  in  a mirror?  You  probably 
know  that  the  back  of  the  glass  is 


covered  with  a silvery  material.  Is 
it  the  glass  that  makes  you  see  your- 
self? Or  is  it  the  silvery  material  on 
the  back  of  the  glass?  If  you  remem- 
ber what  you  have  learned  about 
light,  you  should  be  able  to  answer 
these  questions.  You  should  also  be 
able  to  explain  why  you  cannot  see 
yourself  when  you  stand  at  one  side 
of  a mirror.  You  can  see  the  mirror, 
but  you  cannot  see  yourself. 

When  you  look  at  your  shoes  or 
your  clothes  in  a mirror,  you  are  not 
really  looking  at  the  shoes  or  the 
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clothes.  The  light  is  not  traveling  di- 
rectly from  them  to  your  eyes.  It  is 
traveling  from  the  shoes  or  the  clothes 
to  the  glass  of  the  mirror.  It  goes 
through  the  glass  and  strikes  the 
silvery  material  on  the  back  of  the 
glass.  This  material  is  opaque.  It  re- 
flects the  light  to  your  eyes.  So  you 
really  see  the  reflection  of  your  shoes 
or  your  clothes  in  the  mirror. 

What  happens  is  very  much  like 
this.  If  you  bounce  a ball  on  the  floor, 
the  ball  bounces  straight  back  up 
against  your  hand.  You  can  catch  the 
ball.  When  you  stand  directly  in  front 
of  a mirror,  the  light  from  you  is 
reflected  straight  into  the  mirror. 
Then  it  is  reflected  straight  back  to 
your  eyes.  They  can  “catch”  the  light. 

Now  why  can  you  not  see  yourself 
if  you  stand  at  one  side  of  the  mirror? 


Think  of  a bouncing  ball  again.  If  you 
throw  the  ball  down  to  the  floor  at  a 
slant,  the  ball  bounces  away  from  you. 
Have  a boy  and  a girl  in  your  class 
bounce  a ball  from  one  to  the  other. 
The  boy  should  throw  the  ball  down 
at  a slant  toward  the  girl.  As  it 
bounces  toward  her,  she  can  catch  it. 
Watch  the  ball  very  carefully  as  it 
bounces  from  one  to  the  other.  It  goes 
down  toward  the  floor  at  a slant.  Does 
it  bounce  up  at  a slant  toward  the 
other  child?  Is  the  slant  about  the 
same  both  times? 

Now  let  us  find  out  whether  light 
travels  to  the  mirror  in  the  same  way 
that  the  ball  bounces.  If  you  stand  at 
one  side  of  the  mirror,  light  from  you 
will  slant  toward  the  mirror  and  then 
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be  reflected.  But  where  will  the  light 
go?  If  it  acts  like  the  ball,  it  will 
travel  away  from  the  mirror  at  a slant. 
And  the  slant  will  be  away  from  you. 

Where  would  you  have  a child 
stand  to  see  this  reflected  light?  Have 
him  stand  at  the  other  side  of  the  mir- 
ror. He  should  be  at  the  same  dis- 
tance from  the  side  of  the  mirror  as 
you  are.  Then  he  can  see  you,  and 
you  can  see  him.  Now  have  him  move 
three  feet  farther  to  the  side.  Can  you 
see  him  now  when  you  look  in  the 
mirror?  What  must  you  do  to  see  him 
again?  Try  this  to  see  if  it  will  work. 
When  light  strikes  a mirror  at  a slant, 
it  is  reflected  from  the  mirror  at  the 
same  slant.  But  the  slant  is  in  the 
opposite  direction. 

People  in  a submarine  can  see 
above  water  when  the  submarine  is 


under  the  surface.  To  do  this,  they 
use  mirrors.  A long  tube  called  a 
periscope  can  be  raised  or  lowered 
from  the  submarine.  There  is  a mir- 
ror at  the  top  of  the  tube  and  another 
at  the  bottom.  The  top  mirror  is 
slanted  so  that  light  is  reflected  down 
the  tube.  The  bottom  mirror  is  also 
slanted  so  that  light  is  reflected 
through  an  opening  in  the  side.  These 
mirrors  make  it  possible  to  see  what 
is  happening  above  water.  Scientists 
know  just  how  to  place  these  mirrors. 
They  know  that  light  is  reflected  from 
a mirror  at  the  same  slant  that  it 
strikes  the  mirror.  But  the  light  is  re- 
flected in  the  opposite  direction. 

You  can  easily  make  a periscope. 
Then  you  can  use  it  to  see  over  walls 
and  around  corners.  Get  a cardboard 
tube  or  a narrow  wooden  box.  You 
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also  need  two  mirrors.  Study  the  pic- 
ture to  find  out  how  to  make  the  peri- 
scope. Be  sure  to  place  the  two 
mirrors  at  just  the  right  slant. 

In  the  picture,  the  light  from  the 
sun  strikes  a tree.  Then  the  tree  re- 
flects light  to  the  top  mirror.  This 
mirror  reflects  this  light  at  the  same 
slant  in  the  opposite  direction.  Then 
the  light  strikes  the  bottom  mirror. 
Again  it  is  reflected  at  the  same  slant 
in  the  opposite  direction.  This  time,  it 
strikes  a person’s  eye.  Then  he  sees 
the  tree. 


1.  Where  should  you  stand  if  you  want  to  see  yourself  in  a mirror? 

Why? 

2.  How  can  you  see  the  reflection  of  a tree  in  a still  pond? 

3.  If  the  wind  is  blowing  on  a pond,  how  will  the  reflection  of  a tree 

be  different  from  the  reflection  when  the  water  is  still? 

4.  How  could  you  use  a mirror  to  light  up  the  dark  corner  of  a room? 

5.  Why  can  you  not  see  yourself  in  a mirror  if  you  stand  at  one  side 

of  the  mirror? 


What  do  lenses  do  to  light? 


You  already  know  what  a lens  is. 

It  is  a curved  piece  of  glass.  Now 
you  can  do  some  experiments  to  find 
out  what  a lens  does  to  light.  First, 
hold  a piece  of  white  paper  in  front 
of  an  open  window.  You  can  see  that 
light  falls  on  the  paper,  and  the  paper 
looks  a little  brighter.  Now  shut  the 
window.  The  light  that  falls  on  the 
paper  must  go  through  the  transpar- 
ent glass.  Look  at  the  paper  again. 
If  the  window  is  clean,  the  paper  will 


look  just  as  bright  as  it  did  before. 
The  flat  glass  does  not  do  anything 
to  the  light. 

Now  see  what  happens  when  light 
goes  through  a reading  glass.  A read- 
ing glass  is  a lens.  Hold  the  paper 
about  four  feet  from  the  window. 
Move  the  lens  back  and  forth  between 
the  window  and  the  paper  until  you 
see  a picture  on  the  paper.  Make  this 
picture  as  clear  as  you  can  on  the 
paper.  What  is  it  a picture  of?  Look 
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If  you  have  a reading  glass,  do  an  experiment  like  this  one. 


out  of  the  window  and  then  look  at 
the  picture  on  the  paper.  You  see  that 
it  is  a picture  of  what  you  can  see 
outdoors.  But  there  is  a big  difference. 
The  picture  on  the  paper  shows  every- 
thing upside  down! 

You  can  find  out  what  happens  if 
you  do  another  experiment.  Light  a 
candle  and  set  it  on  a table.  Then 
darken  the  room  as  much  as  you  can. 
Hold  the  reading  glass  about  a foot 
from  the  candle.  Then  hold  a piece 
of  white  paper  back  of  the  reading 
glass.  Move  the  paper  backward  or 
forward  until  there  is  a clear  picture 
of  the  candle  on  the  paper.  When  the 
picture  is  clear,  we  say  that  the  lens 
is  focused.  You  can  see  that  the  pic- 
ture of  the  candle  is  upside  down,  just 
as  the  other  picture  was. 

Now  let  us  find  out  why  the  picture 
is  upside  down.  First,  look  at  the  lens. 
You  know  that  it  is  made  of  glass. 
But  the  lens  is  not  flat  like  a piece  of 


window  glass.  It  is  curved.  You  can 
see  that  it  is  thicker  in  the  middle 
than  it  is  at  the  edge.  You  know  that 
light  travels  in  a straight  line  through 
a transparent  material.  What  hap- 
pens when  light  strikes  the  curved 
glass  of  the  lens? 

Light  from  the  top  of  the  candle 
flame  goes  straight  to  the  top  of  the 
lens.  When  it  goes  into  the  glass,  it  is 
bent.  The  picture  of  the  candle  flame 
is  upside  down.  So  the  light  that 
goes  into  the  top  of  the  lens  must  be 
bent  downward  by  the  curved  glass. 
The  light  from  the  bottom  of  the  can- 
dle flame  goes  straight  to  the  bottom 
of  the  lens.  So  it  must  be  bent  upward 
by  the  lens.  That  is  exactly  what  hap- 
pens. The  lens  bends  the  light  so  that 
you  see  the  candle  upside  down. 

Another  experiment  will  show  you 
how  the  lens  in  a moving-picture  ma- 
chine makes  a large  picture  on  a 
screen.  First,  focus  the  lens  of  the 
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This  picture  will  help  you  see  why  the  image  that  is  made  hy  a lens  is  upside  down. 


reading  glass  and  get  a clear  picture 
of  a candle  flame  on  a piece  of  paper. 
Is  the  picture  larger  or  smaller  than 
the  candle  flame?  Now  move  the  can- 
dle closer  to  the  lens.  The  picture  is  no 
longer  clear.  We  say  that  it  is  now  out 
of  focus.  Move  the  paper  away  from 
the  lens  until  the  picture  is  once  more 
in  focus.  Is  the  picture  larger  or 
smaller?  Move  the  candle  still  closer 
to  the  lens  and  focus  it  again.  What 
happens?  Do  you  find  that  as  you 
move  the  candle  closer  to  the  lens, 
you  have  to  move  the  paper  farther 
away  from  the  lens? 

There  is  a lens  in  a machine  used 
to  show  slides.  Look  at  this  lens.  Does 
it  have  the  same  shape  as  the  one  in 
the  reading  glass?  Then  how  do  you 
suppose  the  slides  appear  right  side 
up  on  the  screen?  Study  the  picture 
on  the  next  page.  You  will  see  that 
the  slide  is  put  into  the  machine  up- 
side down.  So  it  appears  right  side  up 


on  the  screen.  The  lens  bends  light  in 
the  same  way  that  the  lens  in  a read- 
ing glass  bends  light. 

A camera  has  a lens,  too.  Light 
from  the  thing  that  is  photographed 
goes  through  the  lens.  The  lens  bends 
the  light  until  it  comes  to  a focus  on  a 
film  back  of  the  lens.  When  you  take 
a picture,  you  must  focus  the  camera. 
You  can  do  this  by  moving  the  lens 
backward  or  forward.  The  closer  the 
thing  that  is  photographed  is  to  the 
lens,  the  farther  back  from  the  lens 
will  be  the  focus.  You  saw  that  this 
was  true  when  you  moved  the  candle 
in  the  experiment.  But  in  a camera, 
you  cannot  move  the  film  back  and 
forth  as  you  move  the  paper.  So  you 
move  the  lens  instead.  This  does  the 
same  thing. 

If  you  do  an  experiment,  you  can 
see  that  this  is  true.  First,  focus  the 
lens  so  that  a clear  picture  of  the  can- 
dle is  made  on  the  paper.  Keep  the 
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paper  where  it  is  but  move  the  candle 
back  a little.  You  will  see  that  the 
picture  is  out  of  focus.  Now  move  the 
lens  until  the  picture  is  clear  again. 
Did  you  have  to  move  it  toward  the 
candle  or  away  from  it?  Now  you 
can  see  why  you  must  focus  most 
cameras  to  get  a clear  picture. 

Some  of  the  children  in  your  school 
are  probably  using  lenses  to  help  them 
see  better.  Eyeglasses  are  lenses  that 
bend  light  so  that  you  can  see  more 


clearly.  Perhaps  you  cannot  see  what 
is  written  on  the  blackboard  unless 
you  are  very  close.  Or  perhaps  the 
words  in  your  books  do  not  look  clear. 
If  your  eyes  do  not  work  properly, 
you  can  wear  eyeglasses. 

But  a doctor  should  look  at  your 
eyes.  He  will  tell  you  whether  you 
need  glasses  and  give  you  the  right 
ones.  Be  sure  to  wear  your  glasses 
when  you  get  them.  And  to  help  you 
most,  your  glasses  must  be  kept  clean. 


1 . What  is  the  shape  of  the  lens  in  a reading  glass? 

2.  What  does  a lens  do  to  light? 

3.  How  is  the  picture  that  a lens  makes  different  from  the  object? 

4.  Suppose  that  you  want  to  make  a picture  on  a screen  larger. 

Would  you  move  the  object  closer  to  the  lens  or  farther  from  it? 

5.  Why  do  you  have  to  focus  a camera? 
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How  do  we  see  things  that  are  very  small  or  far  away? 


While  you  were  learning  about 
germs,  you  read  how  Van  Leeu- 
wenhoek made  the  first  microscope 
that  could  be  used  to  see  very  tiny 
plants  and  animals.  Without  such 
a wonderful  instrument,  scientists 
could  never  have  discovered  how 
tiny  plants  and  animals  cause  many 
diseases.  And  until  scientists  knew 
what  caused  the  diseases,  they  could 
not  find  ways  to  fight  them. 

Of  course,  a microscope  is  not  used 
just  to  study  germs.  Scientists  use  mi- 
croscopes to  discover  many  things 
about  plants  and  animals.  They  have 
studied  the  tiny  cells  from  which  all 
living  things  are  made.  They  know 
what  happens  when  cells  use  food  and 
grow.  They  even  watch  cells  divide 


to  make  more  cells.  Without  a micro- 
scope, no  scientist  would  ever  have 
seen  any  of  these  things.  They  are  too 
small  to  be  seen  with  the  naked  eye. 

Look  at  the  underside  of  a leaf  with 
your  naked  eye.  Then  use  a magni- 
fying glass  to  look  at  it.  A reading 
glass  is  a magnifying  glass.  You  know 
that  the  lens  is  thicker  in  the  middle 
than  it  is  at  the  edge.  It  makes  things 
look  larger  than  they  really  are.  Two 
lenses  of  this  kind  are  used  in  a mi- 
croscope. The  lenses  are  placed  at  the 
ends  of  a tube.  The  tube  can  be  made 
longer  or  shorter  so  that  you  can  focus 
the  microscope.  Then  you  can  see  the 
object  more  clearly. 

You  know  that  scientists  look  at  the 
moon,  the  planets,  and  the  stars 
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through  telescopes.  One  of  the  first 
telescopes  was  made  by  Galileo.  He 
took  an  old  organ  pipe  and  put  lenses 
in  it.  At  one  end  was  a lens  that  was 
thicker  in  the  middle  than  at  the  edge. 
At  the  other  end  was  a lens  that  was 
thicker  at  the  edge  than  in  the  middle. 
From  the  top  of  a high  tower,  Galileo 
could  see  ships  fifty  miles  out  at  sea. 

The  great  British  scientist,  Sir  Isaac 
Newton,  made  a different  kind  of  tele- 
scope. At  one  end  of  a tube,  he  used 
a lens  like  the  one  in  a reading  glass. 
But  at  the  other  end,  he  put  a metal 
mirror  that  was  hollowed  out  in  the 
center.  This  kind  of  telescope  is  called 
a reflecting  telescope.  Light  from  far- 
away objects  strikes  the  curved  mir- 


ror. From  here,  light  is  reflected  to  a 
flat  mirror.  Then  it  goes  through  a 
lens  to  your  eye. 

Both  kinds  of  telescopes  are  used 
today.  One  kind  has  two  different 
lenses.  The  largest  telescope  of  this 
kind  is  at  the  Yerkes  Observatory, 
Williams  Bay,  Wisconsin.  The  big  lens 
is  forty  inches  across.  The  other  kind 
of  telescope  has  two  different  mirrors 
and  a lens.  On  Mount  Wilson,  near 
Pasadena,  California,  there  is  a re- 
flecting telescope  with  a curved  mirror 
100  inches,  or  8%  feet,  across.  Nearby, 
on  Mount  Palomar,  there  is  an  even 
larger  telescope.  This  one  has  a mir- 
ror that  is  200  inches,  or  16%  feet, 
across.  The  picture  on  this  page  shows 
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With  these  field  glasses,  the  girl  can  easily  see  a small  bird  high  up  in  a tall  tree. 


part  of  this  telescope.  You  can  see 
how  big  it  is  by  looking  at  the  men 
who  are  working  on  it. 

Have  you  ever  looked  through  a 
pair  of  field  glasses  at  a bird  in  a tree? 
Were  you  surprised  at  how  clearly 


you  could  see  it?  If  you  look  carefully 
at  the  field  glasses,  you  will  see  that 
there  is  a glass  lens  at  each  end  of 
both  tubes.  One  tube  is  for  each  eye. 
The  tubes  are  really  little  telescopes, 
side  by  side. 


1.  Why  was  the  invention  of  the  microscope  so  important? 

2.  What  are  two  kinds  of  telescopes  that  scientists  use?  What  parts 

does  each  kind  have? 

3.  How  is  a microscope  different  from  a reading  glass? 


How  do  we  see  things? 


Did  you  ever  stop  and  think  how 
many  different  things  you  can 
see?  You  can  see  large  things  and 
small  things.  You  can  see  things 
nearby  and  far  away.  You  can  tell 
what  color  something  is.  And  you  can 
see  whether  an  object  is  moving  to- 


ward you  or  away  from  you.  You 
know  how  important  your  eyes  are  to 
you.  But  do  you  know  how  they  work 
so  that  you  can  see  things? 

Look  at  the  eyes  of  a person  near 
you  or  look  at  your  own  eyes  in  a mir- 
ror. First,  notice  the  black  spot  in 
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the  center  of  each  eye.  This  is  really 
a little  opening.  It  is  called  the  pupil. 
Light  shines  through  the  transparent 
covering  of  the  eye  and  then  through 
the  pupil.  Next,  look  at  the  colored 
circle  around  the  pupil.  This  circle  is 
called  the  iris.  In  some  eyes,  the  iris 
is  blue.  In  others,  it  is  brown,  gray, 
or  green. 

The  iris  changes  the  size  of  the  pu- 
pil. It  is  like  a little  curtain  around 
the  opening.  It  can  make  the  pupil 
larger  or  smaller.  Go  outdoors  into 
the  bright  light  and  then  look  at  your 
eyes  in  a mirror.  You  will  find  that 
the  iris  has  made  the  pupil  small.  This 
helps  keep  out  some  of  the  light.  Then 
go  into  a dimly  lighted  room  and 
look  at  your  eyes  in  a mirror.  You  will 
see  that  the  pupil  is  much  larger.  It 
lets  more  light  into  the  eye.  This 
helps  you  see  when  the  light  is  dim. 


Now  look  at  the  white  of  your  eye. 
This  covers  the  eyeball,  as  it  is  often 
called,  because  the  eye  is  shaped  al- 
most like  a ball.  The  eyeball  is  set  in 
a hollow  place,  or  socket,  in  the  skull. 
The  bones  of  the  skull  help  protect  it. 
Muscles  hold  the  eyeball  in  the  socket. 
These  muscles  move  the  eyeball  so 
that  you  can  see  straight  ahead,  up, 
down,  and  to  the  sides. 

Right  behind  the  pupil  is  a lens  that 
is  thicker  in  the  middle  than  at  the 
edge.  This  lens  bends  the  light  that 
goes  into  your  eye  and  brings  it  to  a 
focus.  The  inside  of  the  eyeball  is 
covered  with  a very,  very  delicate  lin- 
ing, called  the  retina.  It  has  many  tiny 
nerves  that  carry  messages  to  the 
brain  when  light  strikes  them. 

Suppose  that  you  look  at  a pencil. 
The  pencil  reflects  light  to  your  eyes. 
The  light  goes  into  your  eyes  through 
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When  you  have  read  these  pages,  tell  whether  you  think  this  girl  is  using  good  light. 


the  pupils.  Then  it  goes  through  the 
lens  in  each  eye.  The  lens  focuses 
the  light  on  the  retina.  The  light 
makes  a picture  of  the  pencil  on  the 
retina.  This  picture  is  carried  by 
nerves  to  your  brain.  Your  brain  tells 
you  that  what  you  see  is  a pencil. 

Your  eyes  have  a great  deal  of  work 
to  do.  When  you  read,  write,  walk, 
ride,  sew,  work  with  tools,  or  go  to 
the  “movies,”  your  eyes  are  always 
looking.  Think  of  the  things  that  you 
have  learned  by  using  your  eyes. 
It  is  easy  to  understand  that  your 
eyes  are  two  of  the  most  valuable 
things  you  own.  It  is  also  easy  to  un- 
derstand how  you  can  overwork  your 
eyes.  Many  parts  of  your  body  are  at 


rest  during  some  part  of  the  day.  But 
your  eyes  are  always  at  work  except 
when  your  eyelids  are  closed. 

Your  eyes  are  very  delicate,  yet 
they  must  last  all  your  life.  What  can 
you  do  to  take  care  of  them?  First  of 
all,  be  careful  to  use  them  in  the  best 
way  you  can.  When  your  eyes  work 
too  long  or  too  hard,  the  muscles  and 
the  nerves  become  tired.  Then  you 
have  eyestrain. 

You  can  strain  your  eyes  by  using 
them  in  a poor  light.  Light  that  is  too 
bright  is  just  as  harmful  as  light  that 
is  too  dim.  You  will  strain  your  eyes 
if  you  read  or  do  close  work  in  either 
kind  of  light.  In  dim  light,  the  iris 
cannot  make  the  pupil  big  enough  for 
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you  to  see  well.  In  very  bright  light, 
the  iris  cannot  make  the  pupil  small 
enough  to  keep  too  much  light  from 
getting  in. 

In  the  daytime,  it  is  usually  easy  to 
see  outdoors.  Sunlight  is  a strong 
light.  But  when  you  come  indoors, 
the  light  is  not  so  strong.  If  you  can, 
sit  near  a window  when  you  read  or 
do  close  work.  Then  you  are  less  likely 
to  get  eyestrain.  At  night,  you  should 
use  a bright  light.  But  have  a shade 
over  the  light  bulb  so  that  the  light 
cannot  shine  straight  into  your  eyes. 


Did  an  automobile  headlight  ever 
shine  into  your  eyes?  If  it  did,  you 
probably  said,  “I  can  hardly  see.  The 
light  is  blinding  me.”  Never  let  the 
bright  light  of  a lamp  or  the  sun  shine 
directly  into  your  eyes.  Light  reflected 
from  a shiny  table,  desk,  or  anything 
highly  polished  can  also  dazzle  your 
eyes.  Do  not  sit  facing  a window  or 
other  strong  light. 

Here  is  a list  of  safety  rules  for  tak- 
ing care  of  your  eyes.  Be  sure  that 
you  understand  the  reason  why  you 
should  obey  each  rule. 


Safety  rules  for  taking  care  of  your  eyes 

1.  In  the  daytime,  sit  near  a window  when  you  read  or  do  close  work. 

2.  At  night,  use  a bright  light  but  have  a shade  over  the  light  bulb. 

3.  When  you  read,  sit  comfortably  and  hold  your  book  fourteen  to 

eighteen  inches  away  from  your  eyes. 

4.  Rest  your  eyes  from  time  to  time  by  looking  away  from  your  book. 

5.  Never  let  the  bright  light  of  a lamp  or  the  sun  shine  directly  into 

your  eyes. 

6.  Do  not  sit  facing  a window  or  other  strong  light. 

7.  Avoid  using  your  eyes  while  you  are  getting  over  a serious  disease. 

8.  Do  not  rub  your  eyes  with  your  fingers.  You  may  rub  dirt  into  them. 

9.  Do  not  use  another  person’s  towel  to  wipe  your  face  and  eyes.  There 

may  be  germs  on  the  towel. 

10.  Have  a doctor  examine  your  eyes  to  see  whether  you  need  glasses. 

11.  Always  wear  your  glasses  if  a doctor  tells  you  to  do  so.  Keep  your 

glasses  clean. 

12.  Be  careful  not  to  break  your  glasses.  Do  not  do  anything  that  might 

break  another  person’s  glasses. 


1.  What  does  each  of  these  parts  of  the  eye  do? 

Pupil  Retina  Iris  Muscles  Socket  Lens 

2.  What  things  are  likely  to  cause  eyestrain? 

3.  How  can  you  take  good  care  of  your  eyes? 
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Why  do  things  have  different  colors? 


PROBABLY  YOU  ENJOY  looking  at 
things  that  have  beautiful  colors. 
Most  of  us  like  colorful  leaves  and 
stones,  brightly  colored  flowers,  bril- 
liant sunsets,  and  colored  birds  and 
insects.  Do  you  know  why  these 
things  have  colors?  What  causes 
color? 

Perhaps  you  have  heard  your 
mother  say,  “Why,  this  dress  looks 
entirely  different  at  night.  It  isn’t  the 
same  color  as  in  the  daytime.”  Or 
maybe  when  you  were  getting  a new 
dress  or  suit,  the  salesman  said, 
“Please  step  over  here  to  the  window. 
You  can  see  the  color  better.” 

Surely,  light  must  have  something 
to  do  with  color.  You  can  do  some 
experiments  to  find  out  what  this  is. 
First,  get  a glass  prism  like  the  one  in 
the  picture.  Set  the  prism  where  di- 


rect sunlight  shines  on  it.  Have  the 
light  that  goes  through  the  prism  fall 
on  a piece  of  white  paper.  What  do 
you  see  on  the  paper?  Can  you  see 
red,  orange,  yellow,  green,  blue,  and 
violet?  What  causes  these  different 
colors? 

You  know  that  they  are  not  painted 
on  the  paper.  Shut  the  sunlight  away 
from  the  prism  with  your  hand.  Do 
you  still  see  the  colors?  Now  take 
away  the  prism  and  let  the  sunlight 
fall  on  the  paper.  Do  you  still  see  the 
colors? 

The  colors  must  have  come  from 
the  sunlight  that  went  through  the 
prism.  But  sunlight  looks  white,  as 
you  know.  How  were  different  colors 
made  from  white  light?  Another  ex- 
periment will  help  you  find  the  an- 
swer to  this  question. 
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Divide  a small  circle  of  cardboard 
into  three  parts,  as  shown  in  the  pic- 
ture. Color  each  part  with  a crayon. 
Or  cut  out  pieces  of  colored  paper 
and  paste  them  on  the  cardboard  cir- 
cle. One  part  should  be  red,  one 
green,  and  one  blue.  Now  fasten  the 
colored  circle  on  a top  and  spin  the 
top.  As  the  top  spins,  you  cannot  see 
red,  green,  and  blue.  If  the  top  spins 
fast  enough,  the  colors  are  mixed  to- 
gether. You  see  a grayish  white. 
Scientists  know  that  mixing  all  of  the 
colors  together  makes  white.  So  white 
is  really  a mixture  of  colors. 

Now  look  carefully  at  the  prism. 
Do  you  see  that  the  sides  are  slanting? 
When  light  strikes  a slanting  side,  it  is 
bent.  You  can  see  this  in  the  picture. 
The  light  is  bent  once  when  it  goes 
into  the  prism  and  again  when  it 
comes  out. 


Each  color  of  light  is  bent  differ- 
ently. Violet  light  is  bent  most,  and 
red  light  is  bent  least.  So  the  different 
colors  in  white  sunlight  separate  as 
they  go  in  and  out  of  the  prism.  You 
can  see  that  sunlight  is  really  made  up 
of  several  different  colors.  The  light 
that  goes  into  the  prism  is  white.  The 
prism  bends  some  colors  more  than 
others.  This  separates  the  white  light 
into  its  parts,  and  we  can  see  the 
different  colors. 

T^Where  else  have  you  seen  these  col- 
ors? If  you  have  ever  seen  a rainbow, 
you  saw  them  in  the  sky.  When  there 
is  a rainbow,  something  must  bend 
sunlight  and  separate  it  into  its  colors. 
Can  you  tell  what  acts  like  a prism 
and  does  this?  After  a rain,  there  are 
often  many  tiny  drops  of  water  float- 
ing in  the  air.  When  sun  shines 
through  these  drops  of  water,  they 
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bend  the  light  and  separate  it  into  its 
colors.  Now  when  you  see  a rainbow, 
you  will  know  that  drops  of  water  in 
the  air  are  separating  sunlight  into 
its  colors. 

Have  you  ever  seen  a rainbow  while 
you  were  using  a hose  to  sprinkle  a 
lawn?  If  you  stand  between  the  sun 
and  the  water,  you  can  probably  see 
a rainbow.  Drops  of  water  from  the 
hose  separate  the  sunlight  into  its 
colors. 

You  have  learned  that  white  light 
is  made  up  of  several  colors.  You 
know  that  these  colors  can  be  sep- 
arated from  each  other.  But  how  does 
this  explain  why  things  have  different 
colors?  You  saw  that  each  color  in 
sunlight  can  be  separated  from  the 
others  by  bending  it  away  from  them. 
There  is  another  way  that  the  colors 
in  light  are  separated.  Let  us  see  what 
it  is. 

When  light  strikes  something,  part 
of  the  light  is  absorbed  and  part  of  the 


light  is  reflected.  The  cover  of  this 
book  absorbs  part  of  the  light  and  re- 
flects part  of  it.  Notice  that  the  cover 
is  blue.  It  looks  blue  because  it  re- 
flects the  blue  part  of  the  light.  It 
absorbs  all  the  other  colors  except 
blue.  The  blue  light  is  reflected  to 
your  eyes,  and  the  book  looks  blue 
to  you. 

Now  look  at  a yellow  pencil.  The 
pencil  reflects  only  the  yellow  part  of 
light.  It  absorbs  all  the  other  colors. 
In  the  same  way,  a red  dress  looks 
red.  It  reflects  only  the  red  part  of 
light.  An  orange  reflects  only  the 
orange  part  of  light.  And  green  leaves 
reflect  only  the  green  part  of  light. 

The  color  of  anything  really  comes 
from  the  light  that  is  reflected  from  it. 
Does  this  seem  hard  for  you  to  be- 
lieve? Try  this  experiment.  Make  a 
hole  about  an  inch  square  in  a piece 
of  brown  wrapping  paper.  Pin  the 
paper  over  a window  through  which 
the  sun  is  shining.  Have  the  light  that 
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comes  through  the  hole  fall  on  a piece 
of  white  paper.  Of  course,  the  paper 
looks  white  where  sunlight  falls  on  it. 
The  white  sunlight  is  reflected  to  your 
eyes. 

Now  hold  a piece  of  red  glass  or  red 
cellophane  over  the  hole.  What  color 
is  the  spot  of  light  on  the  paper?  The 
red  glass  or  cellophane  lets  only  red 
light  shine  through  it.  So  only  the  red 
light  falls  on  the  paper.  This  light  is 
reflected  to  your  eyes,  and  the  spot 
of  light  on  the  paper  looks  red.  If  you 
can,  try  the  experiment  again  with 
green  and  blue  glass  or  cellophane. 
What  color  will  the  spot  of  light  be? 

What  happens  in  this  experiment  is 
somewhat  like  what  happens  when 
light  is  reflected  from  a material. 
When  a material  looks  red,  the  parts 
of  the  light  that  are  not  red  are 
absorbed.  Only  the  red  part  is  re- 
flected. When  sunlight  falls  on  the 


white  paper,  the  paper  does  not  reflect 
just  one  of  the  colors  that  are  in  sun- 
light. It  reflects  all  the  colors.  So  the 
paper  looks  white.  Anything  that 
looks  really  white  reflects  all  the  light 
that  strikes  it. 

If  you  look  into  a deep,  narrow  hole 
or  a dark  closet,  it  looks  black  inside. 
You  cannot  see  anything  because  no 
light  is  reflected  to  your  eyes.  Instead, 
the  light  is  absorbed.  An  object  that 
is  really  black  reflects  no  light  at  all. 
You  can  see  a black  object  only  be- 
cause other  objects  around  it  reflect 
light. 

Scientists  say  that  black  is  not  a 
color.  It  absorbs  all  colors,  and  it  re- 
flects none  of  them.  So  black  is  really 
a lack  of  color.  Scientists  say  that 
white  is  not  a color,  either.  It  reflects 
all  colors,  and  it  absorbs  none  of  them. 
So  white  is  really  a mixture  of  the 
colors  that  make  up  white  light. 


1 . How  does  a prism,  separate  the  colors  of  the  rainbow  from  sunlight? 

2.  Explain  why  the  cover  of  this  book  looks  blue. 

3.  Why  does  sunlight  shining  through  a piece  of  red  glass  make  a 

red  spot  on  white  paper? 

4.  What  must  you  have  to  make  a rainbow?  Why? 

5.  What  have  you  learned  to  make  you  believe  that  sunlight  is  really 

a mixture  of  different  colors? 


- QUESTIONS  TO  ANSWER — 

1.  Why  can  you  see  things  more  2.  What  are  some  of  the  ways  in 
clearly  through  a clean  window  than  which  lenses  are  useful  to  scientists  in 

through  a dirty  one?  their  work? 
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3.  Lights  are  often  used  to  change 
the  colors  of  the  actors’  costumes  in  a 
theater.  How  do  you  think  this  is  done? 

4.  The  sun  is  about  93  million  miles 
from  the  earth.  How  long  does  it  take 
sunlight  to  reach  us? 

5.  A piece  of  cloth  that  is  red  in 
sunlight  looks  black  if  light  shines  on 
it  through  green  glass.  Explain  why 
this  is  true. 

— — THINGS 

1.  If  you  have  ever  looked  through 
a microscope  or  a telescope,  tell  your 
class  what  you  saw  that  you  could  not 
see  with  your  naked  eye. 

2.  Look  at  some  road  signs  and  find 
out  how  they  reflect  light  at  night. 

3.  Find  as  many  instruments  that 
use  lenses  as  you  can. 

4.  Doctors  and  dentists  use  curved 
mirrors  to  look  into  a person’s  mouth 
or  throat.  Find  out  what  these  mirrors 
do  to  light. 

5.  Make  a collection  of  opaque, 
transparent,  and  translucent  materials. 
Test  each  material  with  a flashlight  to 
see  whether  light  goes  through  it. 

6.  Find  out  how  the  silvery  material 
is  put  on  the  backs  of  mirrors. 

7.  Learn  what  the  different  shapes 
of  lenses  are  called. 


6.  What  things  in  your  schoolroom 
help  make  the  lighting  good? 

7.  If  you  are  reading  at  home,  how 
can  you  get  the  light  you  need? 

8.  How  is  your  eye  like  a camera? 
Do  you  think  that  the  picture  which 
your  eye  takes  is  upside  down?  Ex- 
plain your  answer. 

9.  Why  do  scientists  say  that  black 
and  white  are  not  really  colors? 

TO  DO 

8.  Examine  the  headlights  of  an  au- 
tomobile. Find  out  how  they  shine  the 
light  ahead  of  the  car. 

9.  Get  a reading  glass  that  has  a 
thicker  or  thinner  lens  than  the  one 
you  used  in  the  experiments  on  pages 
172  and  173.  Then  do  the  experiments 
over  again  with  this  lens.  What  hap- 
pens to  the  focus?  Is  it  closer  to  or 
farther  from  the  lens? 

10.  Find  out  about  the  eyes  of  these 
animals — oyster,  mole,  fly,  bird,  cat, 
owl,  whale. 

11.  Blow  soap  bubbles  and  see  the 
colors  in  them. 

12.  Visit  a clothing  store  and  find 
out  how  three  mirrors  are  arranged  so 
that  you  can  see  yourself  better. 

13.  Find  out  how  a doctor  uses  an 
eye  chart  to  test  a person’s  eyes. 
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* In  Unit  Seven  Tou  Will  Learn  * 

* How  the  sun  helps  us  * How  the  planets  move  in  the  solar  system  * 
* What  scientists  have  learned  about  the  planets  * 

* What  comets  are  * What  causes  an  eclipse  * 

* What  is  beyond  the  solar  system  * 
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Zy  the  Universe  Like? 


Did  you  ever  hear  the  story  of  how 
Columbus  once  got  food  from 
the  Indians?  Even  though  his  men 
were  starving,  the  Indians  would  not 
give  them  anything  to  eat.  So  Colum- 
bus decided  to  play  a trick  on  the 
Indians.  As  you  probably  know,  Co- 
lumbus was  a very  good  sailor.  He 
had  learned  a great  deal  about  how 
the  earth,  the  moon,  and  the  stars 
move.  His  charts  showed  him  that 
there  would  be  an  eclipse  of  the  moon 
on  March  1,  1504. 

During  an  eclipse,  the  light  from 
the  moon  is  slowly  blotted  out.  A 
round,  black  shadow  moves  across  the 
moon.  Columbus  knew  that  this 
would  happen.  So,  a few  days  before 
March  1,  he  warned  the  Indians  that 
he  would  make  the  moon  disappear 
unless  they  gave  his  men  something 
to  eat.  Of  course,  the  Indians  did  not 
believe  that  he  could  do  it.  So  they 


still  would  not  give  him  any  food  for 
his  men. 

Then  came  the  night  of  March  1. 
Slowly  a black  shadow  began  to  creep 
across  the  moon.  It  got  darker  and 
darker.  The  Indians  were  frightened. 
They  ran  to  Columbus  and  begged 
him  to  bring  the  moon  back.  They 
promised  to  give  him  food  or  anything 
else  that  he  wanted  if  he  would  only 
do  this.  Columbus  agreed,  and  soon 
the  shadow  was  gone.  The  moon  was 
as  bright  as  ever.  Columbus  knew 
that  this  would  happen.  His  trick 
saved  his  men  from  starving  to  death. 

Of  course,  you  will  never  need  to 
use  what  you  learn  about  the  things 
in  the  sky  in  the  same  way  that  Co- 
lumbus did.  But  some  day  you  may 
want  to  fly  an  airplane  or  sail  a boat. 
Then  you  will  have  to  find  out  many 
things  about  the  moon,  the  stars,  and 
the  planets.  Right  now,  you  probably 
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Suppose  that  an  airplane  travels  through  space  at  400  miles  an  hour,  as  the  drawing 
on  these  two  pages  shows.  How  long  would  it  take  to  go  to  the  sun,  to  Venus,  to 
Saturn,  to  Jupiter,  to  the  nearest  star  other  than  the  sun? 


have  some  questions  about  what  hap- 
pens in  the  sky.  As  you  study  this 
unit,  you  will  find  the  answers  to 
many  of  your  questions. 

You  already  know  about  some  of 
the  things  that  you  can  see  in  the  sky. 
Suppose  that  you  think  about  what 
you  have  learned.  First,  you  will 
probably  think  of  the  sun.  The  sun 
is  a huge  ball  of  glowing  gases  that 
gives  us  heat  and  light.  As  you  know, 
the  sun  is  a star.  Next,  you  may  think 
of  the  sun’s  “family.”  The  earth  and 
the  other  planets  belong  to  this  fam- 
ily. They  never  leave  the  sun.  Year 
after  year,  they  revolve  around  it, 
each  in  its  own  path.  Some  planets 
take  much  longer  to  go  around  the  sun 
than  the  earth  does. 


Then  you  may  think  of  the  earth’s 
moon.  Most  of  the  other  planets  have 
moons,  too.  All  the  moons  travel 
around  the  sun  along  with  the  planets. 
Scientists  have  a name  for  the  sun, 
the  planets,  the  moons,  and  the  other 
things  that  travel  around  the  sun. 
They  call  this  whole  family  of  things 
the  solar  system,  which  means  sun 
system.  Our  planet  is  part  of  the  so- 
lar system. 

Far  out  beyond  the  planets  are  the 
stars.  With  your  naked  eyes,  you  can 
probably  see  about  5000  of  them.  But 
telescopes  show  that  there  are  thou- 
sands of  millions  of  stars.  None  of 
these  stars  travels  around  our  own 
star,  the  sun.  So,  of  course,  they  do 
not  belong  to  the  solar  system.  They 


188  UNIT  SEVEN 


are  part  of  a much  larger  system  that  unit,  you  will  learn  about  the  uni- 

includes  everything  in  the  sky.  This  verse  and  some  of  the  things  that 

system  is  called  the  universe.  In  this  happen  in  it. 


How  does  the  sun  help  us? 


Near  the  middle  of  the  solar  sys- 
tem is  the  star  we  call  the  sun. 
The  earth  is  about  93  million  miles 
from  this  huge  ball  of  hot,  glowing 
gases.  On  a hot  summer  day,  it  is 
probably  hard  for  you  to  believe  that 
the  sun  is  so  far  away  from  the  earth. 
You  can  easily  write  93  million  miles. 
But  what  does  this  distance  mean  to 
you?  It  is  more  than  3700  times  the 
distance  around  the  earth.  This  is  too 
far  for  anyone  to  have  a real  idea  of  it. 
Yet  this  great  distance  is  very  small 
when  it  is  compared  with  other  dis- 
tances in  the  universe.  So  you  will 
have  to  stretch  your  imagination 
while  you  are  studying  this  unit. 


Do  you  know  what  would  happen 
if  the  sun  suddenly  stopped  shining? 
Here  is  a story  that  will  tell  you.  Of 
course,  this  story  is  only  imaginary. 
But  when  you  read  it,  you  will  learn 
what  would  happen  if  the  sun  stopped 
shining.  This  is  the  story. 

“So  far  as  I know,  I am  the  only 
person  living  on  earth  today.  Perhaps 
sometime  in  the  far-off  future,  other 
people  may  again  live  on  the  earth. 
So  I am  writing  this  story  to  tell  those 
people  what  became  of  us. 

“My  story  begins  one  warm  night 
in  June.  I went  to  bed  as  usual.  Sev- 
eral times  during  the  night,  I woke 
up  and  found  that  it  was  still  dark. 
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The  night  seemed  so  very  long  that 
at  last  I looked  at  my  watch.  The 
hands  pointed  to  almost  twelve 
o’clock.  At  first,  I thought  it  was 
nearly  midnight.  But  I was  sure  that 
I had  been  in  bed  more  than  a few 
hours.  Just  then,  I heard  people  talk- 
ing outside  my  window.  They  were 
very  excited.  So  I went  out  to  see 
what  was  going  on. 

“Everyone  felt  that  something  ter- 
rible had  happened.  We  knew  that 
it  must  be  morning.  In  fact,  it  was 
almost  noon.  Yet  there  was  no  sun  in 
the  sky.  We  knew  that  the  sky  was 
clear,  because  we  could  see  the  stars. 
You  cannot  imagine  how  we  felt.  How 
would  you  feel  to  wake  up  some  noon 
and  find  it  pitch-dark  instead  of  day- 
light? 

“Of  course,  we  turned  on  the  elec- 
tric lights  in  our  homes,  and  the  city 
turned  on  the  street  lights.  Most  of 
us  thought  that  we  could  go  on  about 
our  business  as  usual,  and  we  did. 
We  did  not  notice  anything  different 
from  the  day  before  except  that  there 
was  no  light  or  heat  from  the  sun. 
That  night,  I went  to  bed  at  my  usual 
time.  But  I set  my  alarm  clock,  be- 
cause there  would  be  no  sunlight  to 
tell  me  that  daytime  had  come. 

“During  the  night,  it  began  to  get 
colder.  I put  a heavy  blanket  over  me. 
The  next  few  days  grew  colder  and 
colder  until  we  had  to  wear  our  win- 
ter coats.  At  last,  we  lost  track  of  time 
because  there  was  no  difference  be- 
tween day  and  night.  When  there  had 


been  daylight  and  darkness  every 
twenty-four  hours,  it  had  been  easy 
to  tell  ten  o’clock  in  the  morning  from 
ten  o’clock  at  night.  But  soon  we 
could  not  tell  the  time  of  day  or  the 
day  of  the  week  or  of  the  month. 

“I  had  read  how  the  Indians  used 
to  keep  a record  of  the  months  by 
watching  the  moon.  But  now  there 
was  no  moon  to  be  seen.  We  could 
not  see  the  moon,  because  the  sun  had 
stopped  shining.  For  the  first  time  in 
my  life,  I was  sure  that  moonlight  was 
really  reflected  sunlight.  The  stars 
were  unusually  bright,  though.  We 
could  see  them  in  the  sky  all  the  time. 

“Of  course,  I knew  that  green  leaves 
must  have  sunlight  to  make  food.  But 
I was  surprised  to  see  how  quickly 
plants  in  my  garden  died  without 
light.  I went  to  the  grocery  store  to 
get  as  many  cans  of  vegetables  and 
fruits  as  I could.  The  grocer  would 
sell  only  a few  cans  to  each  person. 
Never  before  had  I realized  that 
canned  fruits  and  vegetables  were 
really  ‘canned  sunshine.’ 

“One  day,  the  milkman  did  not 
bring  the  milk.  The  grass  in  the  pas- 
tures had  died,  and  the  supply  of  hay 
and  corn  from  the  year  before  had  all 
been  used  up.  Luckily,  there  was 
plenty  of  meat.  But  I soon  learned 
why.  The  farmers  were  killing  their 
cows,  sheep,  pigs,  and  chickens  be- 
cause there  was  nothing  to  feed  them. 
I knew  that  meat  would  soon  be  gone, 
too.  Many  animals  were  dying  be- 
cause they  had  no  green  plants  to  eat. 
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Why  could  there  he  no  stacks  of  wheat  or  fields  of  corn  if  the  sun  did  not  shine? 


I found  several  rabbits  and  squirrels 
and  many  birds  and  insects  lying 
dead  on  the  ground. 

“Meanwhile,  it  was  getting  colder 
and  colder  all  the  time.  One  day,  no 
water  came  when  I turned  on  the 
faucet.  At  first,  I thought  there  was 
something  wrong  with  the  water 
pipes.  But  I found  that  the  water  in 
the  city  reservoir  was  frozen  solid. 

“One  day,  I put  the  last  coal  that 
I had  into  the  furnace.  As  I shoveled 
it  in,  I was  using  another  kind  of 
canned  sunshine.  Coal  is  what  is  left 
from  green  plants  that  grew  in  the 
sunshine  millions  of  years  ago.  When 
the  coal  was  gone,  I shut  up  most  of 
my  house  and  moved  into  the  kitchen. 
We  still  had  gas  and  electric  current, 


but  no  one  knew  how  long  they  would 
last. 

“I  was  warned  to  use  my  electrical 
appliances  as  little  as  possible.  Our 
city  got  its  current  from  a power- 
house that  used  coal  to  make  steam 
for  running  the  generators.  With  so 
much  coal  being  used  to  keep  people 
warm,  I knew  that  the  supply  would 
soon  be  gone.  Moving  water  could  no 
longer  be  used  to  run  generators,  be- 
cause the  water  in  all  the  streams  was 
frozen. 

“Soon  the  trains  and  streetcars 
stopped  running.  The  radio  and  the 
telephone  were  silent.  There  were  no 
newspapers.  We  had  no  way  to  tell 
what  was  going  on  in  the  rest  of  the 
world.  But  I thought  there  might  be 
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Millions  of  years  ago,  plants  like  these  used  the  energy  of  the  sun  for  growing  and 
making  food.  When  these  plants  died,  they  were  buried  in  the  earth  and  changed  to  coal. 


some  place  on  earth  where  life  was 
going  on  as  before.  I was  glad  that 
I had  spent  my  spare  time  in  learning 
to  fly  an  airplane.  At  least,  I could  try 
to  escape  from  sure  death  here  at 
home. 

“This  seemed  easy  until  my  plane 
started  to  leave  the  ground.  Then  I 
quickly  realized  how  much  I depended 
on  light  to  get  into  the  air  safely.  How 
I managed  to  get  my  plane  off  the 
ground  I will  never  know.  Of  course, 
I could  not  see  the  earth  at  all.  There 
were  no  lights  anywhere  except  in  the 
sky.  These  lights  were  the  stars.  I 
found  the  North  Star,  which  showed 
me  where  north  was.  Then  I headed 
my  plane  east. 

“After  many  hours  in  the  air,  I 
heard  the  engine  sputter.  The  plane 


was  running  out  of  gasoline,  and  I 
knew  that  I must  land.  So  I dropped 
a flare.  Luckily,  I saw  a bare  field 
below  me.  By  the  light  of  the  flare, 
I could  also  see  a small  town  near  the 
field.  After  I landed,  I took  my  flash- 
light and  walked  to  the  town.  I saw 
not  one  living  thing.  I shouted  and 
called,  but  no  one  answered.  Then  a 
terrible  thought  came  to  me  like  a 
flash.  Perhaps  I was  the  only  person 
left  alive  on  earth.  Without  the  sun, 
nothing  could  stay  alive  very  long.” 
Of  course,  you  know  that  this  story 
is  just  imaginary.  Scientists  tell  us 
that  the  sun  will  keep  on  giving  heat 
and  light  for  millions  and  millions  of 
years.  But  this  story  will  help  you 
understand  why  we  need  the  sun. 
Without  its  help,  we  would  have  no 
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The  coal  that  these  miners  are  digging  was  made  from  the  plants  that  lived  millions 
of  years  ago.  When  we  burn  the  coal,  we  are  using  the  energy  of  the  sun  that  the  plants 
used  for  growing  so  many  years  ago. 


heat  or  light.  There  would  be  no  food, 
either,  because  green  plants  must 
have  sunlight  to  grow  and  make  food. 
Nothing  could  live  on  the  earth  with- 
out heat  and  light  from  the  sun. 

In  our  world,  most  of  the  work  is 
done  by  energy  from  the  sun.  Wind 
gets  its  energy  when  the  sun  heats 


the  earth  and  the  air  above  it.  If  all 
the  water  were  frozen,  there  would  be 
no  energy  of  moving  water.  The  en- 
ergy stored  in  coal  and  oil  came  from 
plants  that  grew  millions  of  years 
ago.  You  can  see  how  much  the  sun 
means  to  us  and  every  living  thing 
on  earth. 


1 . The  story  told  you  many  ways  in  which  the  earth  would  be  differ- 

ent if  the  sun  stopped  shining.  Name  as  many  of  these  ways  as 
you  can. 

2.  Make  a list  of  the  ways  in  which  the  sun  helps  us. 

3.  Do  you  think  that  the  sun  will  soon  stop  shining?  Why? 

4.  The  energy  in  your  muscles  really  comes  from  the  sun.  Explain 

why  this  is  true. 
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How  do  the  planets  move  in  the  solar  system? 


Maybe  you  have  ridden  in  an 
automobile,  a train,  or  even  an 
airplane  that  traveled  very  fast.  You 
may  have  gone  60  miles  an  hour  in  an 
automobile,  90  miles  an  hour  on  a 
train,  or  300  miles  an  hour  in  an  air- 
plane. You  may  think  such  speeds  are 
very  fast,  but  you  are  going  much 
faster  right  now.  Do  you  know  why 
this  is  true? 

As  you  sit  quietly  at  your  desk  and 
read  this  page,  you  are  traveling 
66,000  miles  an  hour!  Every  second 
you  are  whizzing  through  18 V2  miles. 
By  the  time  you  count  to  ten,  you  will 
have  gone  nearly  200  miles.  The  earth 
is  going  at  this  terrific  speed  as  it 
travels  around  the  sun.  Yet  you  do 
not  need  to  be  afraid  of  falling  off  the 


earth.  The  force  of  gravity  holds  you 
on.  You  could  not  jump  off  the  earth 
even  if  you  tried.  Of  course,  you  can 
jump  into  the  air  a few  feet.  But  you 
know  that  gravity  pulls  you  right 
down  again. 

Perhaps  you  are  wondering  why 
you  do  not  feel  this  great  speed.  When 
you  are  traveling  fast  in  an  automo- 
bile or  a train,  you  can  see  trees, 
houses,  and  telephone  poles  pass 
quickly  by.  You  learn  to  tell  about 
how  fast  you  are  going  by  watching 
how  fast  you  pass  nearby  objects.  But 
there  is  nothing  near  the  earth  to  tell 
you  how  fast  the  earth  is  moving.  The 
nearest  neighbor  of  the  earth  is  the 
moon,  and  it  is  about  240,000  miles 
away.  You  do  not  realize  that  you  are 
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moving,  because  you  cannot  see  any- 
thing pass  by. 

Traveling  at  high  speed  may  be 
very  dangerous.  But  you  do  not  need 
to  be  afraid  of  the  earth’s  great  speed. 
The  earth  keeps  in  its  same  path 
around  the  sun  year  after  year.  It  will 
not  crash  into  anything.  Each  year,  it 
takes  the  same  long  journey  around 
the  sun.  And  year  after  year,  it  re- 
volves in  the  same  path  at  the  same 
speed. 

You  can  do  an  experiment  to  find 
out  how  the  earth  keeps  in  the  same 
path  around  the  sun.  Get  a ball  and 
fasten  a strong  rubber  band  to  it. 
Hold  on  to  one  end  of  the  rubber  band. 
Now  whirl  the  ball  round  and  round 
over  your  head.  The  harder  you  whirl 
it,  the  farther  out  the  ball  goes.  At 
last,  it  will  go  no  farther.  Notice  how 
the  ball  travels.  As  long  as  it  is  going 


at  the  same  speed,  the  ball  stays  in 
the  same  path.  It  also  stays  at  the 
same  distance  from  your  head. 

As  you  whirl  the  ball,  a force  pulls 
the  ball  away  from  your  hand.  You 
can  feel  this  force  pulling  on  your 
hand.  At  the  same  time,  the  rubber 
band  is  pulling  the  ball  in  toward 
your  hand.  If  you  stop  whirling  the 
ball,  this  force  pulls  it  back  toward 
you.  So  there  are  two  forces  pulling 
on  the  ball.  One  pulls  the  ball  out, 
and  the  other  pulls  it  in.  When  the 
force  that  pulls  the  ball  out  is  just 
equal  to  the  force  that  pulls  it  in,  the 
ball  does  not  move  out  any  farther. 
It  keeps  on  whirling  in  the  same  path. 

Now  how  does  the  whirling  ball 
help  explain  why  the  earth  always 
moves  in  the  same  path?  As  the  earth 
travels  around  the  sun,  a force  is  pull- 
ing it  away  from  the  sun.  This  is  the 
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same  force  that  makes  any  whirling 
object  pull  away  from  the  center 
around  which  it  whirls.  There  is  also 
another  force  that  is  pulling  on  the 
earth.  It  pulls  the  earth  toward  the 
sun  as  the  rubber  band  pulls  the  ball. 
This  force  is  gravity.  The  force  of 
gravity  pulls  the  earth  toward  the  sun 
just  as  it  pulls  you  and  other  things 
toward  the  earth. 

The  earth  stays  in  the  same  path 
because  these  two  forces  are  equal. 
This  path  is  about  93  million  miles 
away  from  the  sun.  Round  and  round 
the  earth  goes.  It  is  held  in  its  path 
by  these  two  forces.  Scientists  call 
this  path  around  the  sun  an  orbit.  The 
earth’s  orbit  is  nearly  a circle. 

Scientists  have  found  nine  planets 
that  revolve  around  the  sun.  You 
know  that  the  earth  is  one  of  these 
nine  planets.  Two  of  the  planets  are 
nearer  to  the  sun  than  the  earth  is, 
and  six  are  farther  away.  Each  planet 
travels  in  its  own  orbit  around  the 
sun.  The  planets  cannot  run  into  each 
other,  because  each  one  is  held  in  its 
own  path.  The  nine  planets  all  re- 
volve in  the  same  direction. 

Do  you  know  how  large  the  solar 
system  is?  It  is  almost  7%  billion 
miles  across!  You  could  think  of  the 
solar  system  as  a huge  phonograph 
record  with  a big  ball  at  the  center. 
This  ball  would  be  the  sun.  Then 
around  the  ball  there  would  be  nine 
smaller  balls.  These  would  be  the 
planets.  Each  one  would  be  whirling 
in  its  own  circle  around  the  sun. 


You  know  that  the  sun  and  the 
planets  are  not  the  only  things  in  the 
solar  system.  Most  of  the  planets  have 
at  least  one  moon,  and  some  of  them 
have  several  moons.  Each  moon  trav- 
els in  its  own  path  about  its  planet 
as  the  planet  goes  around  the  sun. 
And  each  moon  is  held  in  its  orbit  by 
the  same  forces  that  hold  the  planets 
in  their  orbits.  There  are  some  other 
things  in  the  solar  system  besides  the 
planets  and  their  moons.  You  will 
learn  about  them  later  in  this  unit. 

Of  course,  you  remember  that  the 
planets  are  not  stars.  Stars  are  huge 
balls  of  hot,  glowing  gases  like  the 
sun.  Stars  shine  with  their  own  light, 
because  they  are  so  hot.  The  planets 
are  very  small  when  they  are  com- 
pared with  the  sun  or  other  stars. 
They  do  not  shine  with  their  own 
light.  A planet  is  seen  in  just  the 
same  way  that  a house  is  seen.  Light 
from  the  sun  strikes  it,  and  it  reflects 
this  light  to  your  eyes. 

You  remember  that  the  earth  spins 
on  its  axis.  The  axis  is  an  imaginary 
line  through  the  center  of  the  earth. 
One  end  of  the  axis  is  the  North  Pole, 
and  the  other  end  is  the  South  Pole. 
The  earth  rotates  on  its  axis.  As 
it  turns  completely  around  every 
twenty-four  hours,  we  have  daylight 
and  darkness.  Each  planet  rotates  on 
its  axis  as  it  revolves  around  the  sun. 

The  earth  rotates  on  its  axis  more 
steadily  than  any  machine  that  we 
can  make.  No  one  has  ever  made  a 
clock  that  keeps  time  so  well,  year  in 
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The  planetoids  are  a group  of  small  objects  like  tiny  planets  that  travel  around  the 
sun  in  their  own  orbits.  Look  at  the  picture  on  page  202  to  see  how  the  planets 
compare  in  size  with  each  other  and  with  the  sun. 


and  year  out,  as  the  earth  spinning 
on  its  axis.  It  turns  at  the  same  speed, 
year  after  year. 

All  the  planets  move  in  their  own 
orbits  around  the  sun.  They  move 
so  steadily  that  scientists  know  ex- 
actly where  any  planet  is  at  any  time. 
The  scientists  can  point  their  tele- 
scopes at  that  place  in  the  sky  and  al- 
ways find  the  planet  there.  The  solar 


system  is  like  a huge  machine  that 
keeps  on  moving  in  the  same  way  and 
never  stops. 

People  have  sometimes  been  afraid 
that  the  earth  would  bump  into  an- 
other planet  and  be  destroyed.  Scien- 
tists know  that  this  cannot  happen. 
Each  planet  revolves  in  its  own  orbit. 
It  is  held  there  by  the  same  forces 
that  keep  the  earth  in  its  orbit. 


1.  What  is  near  the  middle  of  the  solar  system? 

2.  Why  can  we  see  the  planets? 

3.  Explain  how  the  earth  stays  in  its  orhit. 

4 . Name  as  many  ways  as  you  can  in  which  the  planets  are  alike. 

5.  Tell  what  you  have  learned  about  each  of  these. 

Orbit  Axis  Gravity  Solar  system 
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What  have  scientists  learned  about  the  planets? 


All  the  planets  except  the  earth 
- were  named  for  the  gods  and 
goddesses  in  old  stories.  In  these 
stories,  Mercury  was  the  swift  mes- 
senger of  the  gods.  So  the  planet  that 
moves  the  swiftest  is  called  Mercury. 
It  travels  at  the  great  speed  of  nearly 
30  miles  a second!  That  is  over  100,000 
miles  an  hour!  In  less  than  three 
months,  Mercury  travels  all  the  way 
around  the  sun. 

Mercury  is  hard  to  see  because  it 
stays  so  close  to  the  sun.  But  some- 
times just  after  sunset,  you  can  see 
Mercury  in  the  western  sky.  Scien- 
tists are  sure  that  there  is  no  air  or 
water  on  this  planet.  Could  there  be 
any  living  things  on  Mercury?  Why 
do  you  think  so? 

Venus  is  the  brightest  planet.  It 
looks  brighter  than  anything  else  in 
the  sky  except  the  sun  and  the  moon. 
It  was  called  Venus  because  it  is  so 
beautiful.  In  old  stories,  Venus  was 
the  goddess  of  beauty.  You  often  see 
Venus  as  the  “evening  star”  or  the 
“morning  star.”  Of  course,  Venus  is 
not  a star  at  all.  It  is  a planet  that  is 
almost  as  big  as  the  earth.  Sometimes 
Venus  is  called  the  earth’s  twin,  be- 
cause the  two  planets  are  about  the 
same  size.  It  takes  Venus  225  days 
to  go  around  the  sun. 

If  you  could  look  at  Venus  through 
a telescope,  you  would  see  that  thick 
clouds  are  all  around  it.  Venus  comes 
closer  to  the  earth  than  any  other 
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planet.  But  we  cannot  see  its  surface 
because  of  these  clouds.  Perhaps  Ve- 
nus may  have  living  things  on  it. 
Scientists  cannot  find  out  whether  it 
has  or  not. 

The  planet  Mars  got  its  name  be- 
cause it  looks  red.  The  god  of  war 
was  called  Mars.  So  the  planet  was 
named  for  the  god  who  caused  blood- 
shed. Scientists  know  more  about 
Mars  than  they  do  about  any  other 
planet.  Mars  has  two  moons.  It  is 
much  smaller  than  the  earth,  but  a 
day  on  Mars  is  just  about  as  long  as 
our  day. 

There  are  seasons  on  Mars  just  as 
there  are  on  the  earth.  But  the  sea- 
sons on  Mars  are  longer  than  ours. 
A year  on  Mars  is  nearly  twice  as  long 
as  a year  on  the  earth,  because  it  takes 
Mars  almost  twice  as  long  to  travel 
around  the  sun.  Mars  is  farther  from 
the  sun  than  the  earth  is.  So  Mars 
is  colder  than  the  earth. 

There  is  very  little  water  on  Mars. 
It  does  not  seem  to  have  oceans  or 
seas.  Much  of  it  is  probably  a dry 
desert.  The  air  on  Mars  is  very  thin. 
It  is  somewhat  like  the  air  on  a high 
mountain  on  the  earth.  Mars  could 
have  living  things  on  it,  because  it  has 
both  air  and  water.  But  scientists  are 
not  sure  whether  there  are  living 
things  on  it  or  not,  although  some 
think  that  there  may  be  plants. 

Through  a telescope,  Mars  looks 
like  a red  ball  with  lines  on  it.  Some 
people  think  that  these  lines  may  be 
ditches  or  canals.  If  that  is  what  they 


are,  they  might  have  been  made  by 
people.  No  one  knows  whether  this 
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Look  at  this  picture  carefully.  Notice  the  positions  of  Regulus  and  the  other  stars 
and  of  the  planets. 


is  true.  In  the  spring,  Mars  has  bluish- 
green  patches  on  it.  In  the  autumn, 
these  patches  turn  brown.  If  green 
plants  were  growing  on  Mars,  they 
would  be  green  in  the  spring  and 
brown  in  the  autumn  like  the  green 
plants  on  the  earth.  The  latest  photo- 
graphs of  Mars  seem  to  show  that 
there  may  really  be  plants  on  it. 

The  giant  planet  Jupiter  was  named, 
for  the  king  of  the  gods.  Jupiter  is 
larger  than  all  the  other  planets  put 
together.  It  turns  completely  around 
on  its  axis  once  in  about  ten  hours. 
So  its  day  is  only  ten  hours  long.  But 
a year  on  Jupiter  is  nearly  as  long  as 
twelve  of  our  years.  Jupiter  is  almost 
as  bright  as  Venus.  It  usually  looks 
much  brighter  than  any  star.  Like 
Venus,  Jupiter  is  sometimes  called 
the  “morning  star”  or  the  “evening 
star.”  Of  course,  it  is  not  really  a star. 


If  you  could  look  at  Jupiter  through 
a telescope,  you  would  see  that  it  has 
thick  clouds  around  it  just  as  Venus 
does.  These  clouds  look  like  belts 
around  the  planet.  Jupiter  has  eleven 
moons.  With  his  telescope,  Galileo 
was  the  first  scientist  to  see  some  of 
these  moons.  Two  of  the  moons  were 
discovered  not  many  years  ago. 

Saturn  is  a very  unusual  planet.  If 
you  ever  get  a chance  to  look  at  it 
through  a telescope,  you  will  see  a 
sight  that  you  will  never  forget.  You 
may  think  that  Saturn  is  the  most 
beautiful  planet.  It  is  different  from 
the  others,  because  it  has  three  huge 
rings  around  it.  These  rings  are  made 
of  millions  of  tiny  objects.  They  move 
around  Saturn  in  a thin  sheet.  There 
is  a dark  ring  close  to  the  planet,  and 
two  bright  rings  with  a space  between 
them.  Galileo  was  the  first  person  to 
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Now  look  at  the  same  place  in  the  sky  two  weeks  later.  Why  do  the  stars  seem  to 
have  moved?  Have  the  planets  moved?  How  do  you  know? 


see  Saturn’s  rings.  Saturn  also  has 
nine  moons  out  beyond  the  rings.  A 
year  on  Saturn  is  about  as  long  as 
thirty  of  our  years. 

The  planet  Uranus  is  so  far  away 
from  the  earth  that  it  can  hardly  be 
seen  with  the  naked  eye.  The  earth 
makes  eighty-four  trips  around  the 
sun  while  Uranus  is  making  just  one. 
So  the  year  on  Uranus  is  as  long  as 
eighty-four  of  our  years.  The  planet 
turns  on  its  axis  so  fast  that  it  takes 
only  about  eleven  hours  to  turn  once 
around.  Uranus  has  five  moons.  Sir 
William  Herschel,  a British  scientist, 
discovered  Uranus  about  165  years 
ago.  He  was  trying  out  a new  tele- 
scope he  had  made,  and  he  found  the 
planet  by  accident. 

Neptune  is  so  very  far  away  from 
the  earth  that  it  cannot  be  seen  with 
the  naked  eye.  It  was  named  for  the 


god  of  the  sea,  who  was  Jupiter’s 
brother.  It  takes  Neptune  almost  165 
years  to  go  around  the  sun  once.  So 
its  year  is  nearly  as  long  as  165  of  our 
years. 

About  100  years  ago,  scientists  dis- 
covered Neptune  in  a very  interesting 
way.  As  they  were  watching  Uranus, 
they  found  that  it  was  not  following 
the  path  they  thought  it  should.  One 
scientist  suggested  that  there  might 
be  another  planet  out  beyond  Uranus 
that  was  pulling  it  away  from  its  orbit. 
Then  several  other  scientists  spent 
months  figuring  out  where  such  a 
planet  would  be.  When  a telescope 
was  pointed  at  this  place,  there  the 
planet  Neptune  was! 

A little  over  fifteen  years  ago,  an- 
other planet  was  discovered.  It  was 
named  Pluto  for  the  god  of  the  un- 
derworld. Pluto  is  about  forty  times 
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You  can  see  that  the  earth  is  one  of  the  smaller  planets.  But  even  Jupiter  seems 
small  when  it  is  compared  with  the  sun. 


as  far  from  the  sun  as  the  earth  is. 
It  can  be  seen  only  with  a very  power- 
ful telescope.  Scientists  have  not  yet 
learned  much  about  this  planet.  Some 
of  them  think  that  there  may  be  other 
planets  beyond  Pluto.  Perhaps  you 
will  read  about  their  discovery  some- 
day. 

In  the  table  on  the  next  page,  you 
will  find  some  of  the  things  that  sci- 
entists have  learned  about  the  plan- 
ets. At  the  top  of  each  column  of  the 
table,  therh  are  several  words  that  tell 
you  what  you  will  find  in  that  column. 
At  the  left  is  the  name  of  each  planet. 
Suppose  that  you  want  to  find  out  how 
big  Mercury  is.  Look  on  the  same 
line  as  Mercury  in  the  column  marked 
Size.  How  big  is  Mercury?  Is  it  larger 
or  smaller  than  the  earth?  How  can 
you  tell? 


From  this  table,  you  can  see  that 
there  is  one  planet  about  the  same 
size  as  the  earth.  And  you  can  see 
that  there  are  two  smaller  planets. 
What  planet  is  about  the  same  size 
as  the  earth?  Which  planets  are 
smaller?  Which  planets  are  larger 
than  the  earth? 

To  find  how  far  Venus  is  from  the 
sun,  look  on  the  same  line  as  Venus 
in  the  column  marked  Distance  from 
the  Sun.  Do  you  find  that  Venus  is 
67  million  miles  from  the  sun?  Which 
planet  is  the  nearest  to  the  sun? 
Which  one  is  farthest  away? 

Now  study  the  table  to  find  out  how 
long  it  takes  the  different  planets  to 
revolve  around  the  sun.  How  many 
days  does  it  take  Mercury  to  go  once 
around  its  orbit?  How  many  times 
does  Mercury  go  around  the  sun  while 
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NAME 
OF  THE 
PLANET 

SIZE 

(diameter 

IN  MILES) 

DISTANCE 
FROM  THE 
SUN  IN 
MILES 

TIME  IT 
TAKES  TO 
TRAVEL 
AROUND 
THE  SUN 

SPEED  IN 
MILES  PER 
SECOND 

NUMBER 

OF 

MOONS 

Mercury 

3,000 

Millions 

36 

Days 

88 

29.7 

0 

Venus 

7,700 

67 

225 

21.7 

0 

Earth 

8,000 

93 

365*4 

18.5 

1 

Mars 

4,300 

142 

687 

15.0 

2 

Jupiter 

88,400 

483 

Years 

11.8 

8.0 

11 

Saturn 

74,150 

886 

29.5 

6.0 

9 (3  rings) 

Uranus 

30,200 

1,782 

84.0 

4.2 

5 

Neptune 

34,800 

2,793 

164.5 

3.4 

1 

Pluto 

6,000 

3,675 

247.7 

2.9 

? 

the  earth  is  going  around  the  sun 
once?  How  fast  does  Mercury  travel? 
How  fast  does  Neptune  travel? 

If  you  look  in  the  column  marked 
Number  of  Moons , you  will  find  that 
Mercury  and  Venus  have  no  moons. 
Which  planet  has  eleven  moons? 
Which  ones  have  only  one  moon?  In 
the  line  where  Pluto  is,  you  will  find 
a question  mark.  They  show  that 
scientists  do  not  yet  know  whether 
this  planet  has  moons  or  not. 

Have  you  ever  heard  radio  pro- 
grams or  read  stories  about  people 
from  the  earth  going  to  other  planets 
in  rocket  ships?  Or  have  you  read 
stories  about  people  from  other  plan- 
ets landing  on  the  earth?  Some  of 
these  stories  tell  about  people  from 
Mars  coming  to  the  earth  to  destroy 
us.  Of  course,  you  know  that  these 


stories  are  not  true.  So  you  will  not 
be  frightened  by  them.  You  can  enjoy 
them  just  as  you  do  any  other  imag- 
inary story. 

Scientists  have  made  rockets  that 
went  up  more  than  100  miles  above 
the  earth.  But  that  is  not  very  far  com- 
pared with  the  distance  to  the  nearest 
planets  or  even  the  moon.  No  one  has 
ever  made  a trip  to  another  planet  or 
to  the  moon.  But  not  long  ago,  scien- 
tists were  able  to  send  a signal  to  the 
moon  by  radar.  On  the  next  page  is 
a picture  of  the  queer-looking  tower 
they  used  to  send  out  a kind  of  elec- 
trical wave.  These  waves  traveled  out 
to  the  moon.  They  struck  the  moon 
and  bounced  back,  as  sound  waves  do 
when  they  bounce  back  and  make  an 
echo.  This  is  the  only  kind  of  message 
that  has  ever  been  sent  to  the  moon. 
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When  you  read  imaginary  stories 
about  people  from  Mars  or  other 
planets,  you  may  find  that  it  is  fun 
to  try  this  plan.  After  you  have  fin- 


ished the  story,  make  a list  of  all  the 
things  you  have  just  learned  about 
the  planets  that  show  you  why  the 
story  could  not  be  true. 


1.  Which  planet  do  scientists  know  most  about?  Why? 

2.  Which  planets  can  be  seen  from  the  earth  with  the  naked  eye? 

3.  Which  planets  did  scientists  discover  by  using  telescopes? 

4.  Choose  one  planet  and  tell  everything  you  have  learned  about  it 

5.  Which  planets  might  have  living  things  on  them?  Explain  why 

it  might  be  possible  for  things  to  live  there. 

6.  Name  three  ways  in  which  Venus  and  Jupiter  are  alike.  Then  give 

three  ways  in  which  they  are  different. 

7.  Look  at  the  table  on  page  203.  Which  move  faster,  planets  near 

the  sun  or  planets  far  away  from  it?  Which  ones  have  longer 
years? 
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What  are  comets? 


For  hundreds  of  years,  people 
have  watched  the  moon,  the  plan- 
ets, and  the  stars.  Now  and  then,  they 
were  frightened  by  something  else 
they  saw  in  the  sky.  As  it  came  nearer 
and  nearer,  it  got  brighter  and 
brighter.  People  feared  that  it  might 
hit  the  earth.  It  did  not  look  like  other 
things  in  the  sky.  It  often  had  a long 
tail,  or  streak  of  light,  behind  it.  Sci- 
entists know  that  this  strange  thing 
is  really  a comet 

A comet  is  quite  different  from  a 
planet.  You  know  that  a planet  is  a 
big,  round  ball.  But  a comet  always 
has  a head,  and  it  usually  has  a tail. 
The  head  may  be  50,000  miles  across, 
and  the  tail  is  sometimes  100  million 
miles  long.  Not  all  comets  have  such 
long  tails.  Some  comets  do  not  even 
have  tails. 

Comets  are  made  of  gases  and  little 
bits  of  solids.  These  are  bunched  to- 
gether in  the  head,  but  in  the  tail  they 
are  very  far  apart.  You  can  under- 
stand this  better  when  you  learn 
something  about  the  great  comet 
called  Halley’s  Comet.  Two  thousand 
cubic  miles  of  its  tail  would  not  con- 
tain as  much  material  as  there  is  in 
a cubic  inch  of  air  on  the  earth!  That 
is  why  you  should  not  be  afraid  if  the 
earth  passes  through  the  tail  of  a 
comet.  In  fact,  this  has  happened  sev- 
eral times.  In  May  1910,  the  earth 
passed  through  the  tail  of  Halley’s 
Comet. 


A comet  travels  around  the  sun,  but 
its  orbit  is  very  different  from  the 
orbit  of  a planet.  You  know  that  a 
planet  travels  in  a path  that  is  nearly 
a circle  with  the  sun  in  the  middle  of 
it.  The  orbit  of  a comet  is  a long,  long 
oval  with  the  sun  near  one  end  of  it. 
The  tail  of  a comet  always  points  away 
from  the  sun. 

We  can  see  a comet  only  when  it 
comes  near  both  the  sun  and  the 
earth.  Scientists  can  figure  out  the 
length  of  a comet’s  orbit  and  how  fast 
it  is  traveling.  So  they  can  tell  when 
a comet  is  coming  close  enough  for 
us  to  see  it.  Some  comets  race  around 
their  orbits  in  only  a few  years.  Others 
have  such  long  orbits  that  they  can 
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You  can  see  why  a comet  can  come  near  a planet.  The  orbit  of  a comet  crosses  the 
orbits  of  the  planets. 


be  seen  only  once  in  hundreds  of 
years.  We  can  see  comets  because, 
like  planets,  they  reflect  light  from 
the  sun.  A large  comet  is  a beautiful 
sight. 

Halley’s  Comet  is  the  most  famous 
one  of  all.  It  was  named  for  Edmund 
Halley,  a British  scientist.  He  was  the 
first  one  to  figure  out  the  path  that 
a comet  follows.  Halley  wrote,  “Now 
many  things  lead  me  to  believe  that 
the  comet  of  the  year  1531  is  the  same 


as  that  seen  in  1607  and  the  one  I saw 
return  in  1682.  I may,  therefore,  with 
confidence  predict  its  return  in  the 
year  1758.” 

On  Christmas  night,  1758,  the 
comet  came  just  as  Halley  had  said 
that  it  would.  Halley’s  Comet  can  be 
seen  from  the  earth  once  every 
seventy-six  years.  It  was  last  seen  in 
1910.  No  doubt,  many  in  your  class 
will  see  this  comet  when  it  comes 
again  in  1986. 


1.  How  are  comets  different  from  planets?  How  are  they  alike? 

2.  Why  can  a comet  be  seen  only  now  and  then? 

3.  Are  comets  part  of  the  solar  system?  Explain  your  answer. 

4.  Which  way  does  the  tail  of  a comet  point? 

5.  Do  you  think  Edmund  Halley  was  a good  scientist?  Give  your 

reasons. 
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What  causes  an  eclipse? 


Do  you  remember  the  story  about 
Columbus  and  the  Indians? 
When  you  read  the  story,  did  you 
wonder  how  Columbus  knew  that  an 
eclipse  of  the  moon  would  take  place 
on  a certain  day?  Let  us  see  what 
causes  an  eclipse. 

As  the  earth  revolves  around  the 
sun,  the  moon  moves  about  the  earth. 
The  earth  rotates  on  its  axis  365  Vi 
times  each  year  as  it  makes  its  jour- 
ney around  the  sun.  And  while  the 
earth  is  making  this  journey,  the 
moon  moves  about  the  earth  every 
29  V2  days.  The  moon  always  keeps 
the  same  half  of  its  surface  toward 
the  earth. 

Once  a month,  as  the  moon  moves 
about  the  earth,  it  comes  in  between 
the  sun  and  the  earth.  But  most  of 
the  time,  it  is  not  in  a direct  line  be- 
tween them.  Every  so  often,  though, 
the  moon  passes  directly  between  the 
sun  and  the  earth.  When  this  hap- 
pens, the  moon  hides  the  sun  from  the 
earth.  Then  we  have  an  eclipse  of  the 
sun. 

The  moon  is  so  much  smaller  than 
the  sun  that  you  may  be  wondering 
how  the  moon  can  hide  the  sun  from 
the  earth.  This  experiment  will  help 
you  discover  the  reason.  Take  a penny 
in  one  hand  and  a half  dollar  in  the 
other  hand.  Close  one  eye  and  hold 
the  coins  in  front  of  your  other  eye. 
Have  the  penny  near  you  and  the 
half  dollar  farther  away.  Then  move 


the  half  dollar  still  farther  away  until 
the  penny  hides  it. 

Is  the  penny  as  big  around  as  the 
half  dollar?  Which  is  nearer  to  your 
eye?  This  experiment  shows  that  the 
nearer  things  are,  the  larger  they  look. 
That  is  why  the  moon  and  the  sun 
seem  to  be  about  the  same  size  in  the 
sky.  The  sun  is  about  93  million  miles 
away  from  the  earth,  but  the  moon 
is  only  240,000  miles  away.  Now  do 
you  see  why  the  small  moon  can  hide 
the  big  sun? 

When  there  is  an  eclipse  of  the  sun, 
the  moon  is  between  the  earth  and  the 
sun.  So  the  moon  keeps  the  sun's 
light  from  getting  to  the  earth.  It 
makes  a shadow  on  the  earth.  As  the 
moon  slowly  hides  more  and  more  of 
the  sun  from  the  earth,  the  earth  gets 
darker  and  darker.  When  the  moon 
passes  directly  in  front  of  the  sun,  it 
causes  a total  eclipse. 
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When  the  moon  completely  hides 
the  sun,  you  can  see  a great  mist  of 
silvery-white  light  around  the  sun. 
This  silvery-white  light  is  always 
around  the  sun,  but  we  can  see  it  only 
during  a total  eclipse.  Even  if  the  to- 
tal eclipse  takes  place  at  noon,  the 


earth  is  in  darkness.  The  stars  can 
be  seen  just  as  we  see  them  at  night. 
When  the  moon  covers  only  part  of 
the  sun,  it  causes  a partial  eclipse. 

Are  you  wondering  why  there  is 
not  an  eclipse  every  time  the  moon 
passes  between  the  sun  and  the  earth? 
You  can  find  out  if  you  do  this  experi- 
ment. Hold  the  penny  and  the  half 
dollar  just  as  you  did  before.  Then 
move  the  penny  until  it  is  a little 
above  or  below  a straight  line  from 
your  eye  to  the  half  dollar.  Then  the 
penny  does  not  hide  any  of  the  half 
dollar.  So  if  the  moon  is  not  directly 
between  the  sun  and  the  earth,  there 
is  no  eclipse  of  the  sun. 

During  the  few  minutes  that  an 
eclipse  lasts,  scientists  can  learn  many 
things  about  the  sun.  They  often  go 
to  faraway  places  on  the  earth  where 
they  can  see  an  eclipse  best.  They 
spend  many  months  getting  ready  for 
these  few  minutes  when  the  sun  is 
hidden.  One  way  that  scientists  study 
an  eclipse  is  to  take  pictures  of  it. 
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Sometime,  you  may  want  to  watch 
an  eclipse  of  the  sun.  To  do  this,  you 
can  look  through  a piece  of  smoked 
glass  or  some  used  camera  films.  You 
know  that  you  should  never  look  di- 
rectly at  the  sun,  not  even  for  one 
second.  If  you  do,  you  may  injure 
your  eyes  very  badly.  As  you  watch 
the  eclipse,  you  can  make  some  draw- 
ings that  show  just  how  the  moon  is 
moving  across  the  sun. 

Scientists  can  tell  exactly  when 
there  is  going  to  be  an  eclipse.  They 
can  do  this  because  they  know  exactly 
what  paths  the  earth  and  the  moon 
travel.  They  also  know  how  fast  the 
earth  and  the  moon  move.  Scientists 
knew  that  there  would  be  a total 
eclipse  of  the  sun  on  July  9,  1945.  It 
was  seen  in  Idaho,  Montana,  and  cen- 
tral Canada.  On  June  30,  1954,  an- 
other eclipse  will  be  seen  in  Minne- 
sota, Wisconsin,  and  eastern  Canada. 

You  already  know  that  the  moon 
can  be  hidden  just  as  the  sun  is.  Let 
us  see  how  this  happens.  As  the  moon 


travels  about  the  earth,  sometimes  the 
earth  gets  directly  between  the  sun 
and  the  moon.  Of  course,  light  from 
the  sun  cannot  shine  through  the 
earth.  So  the  earth  makes  a shadow 
on  the  moon.  When  this  happens, 
there  is  an  eclipse  of  the  moon. 
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The  shadow  of  the  earth  on  the 
moon  tells  scientists  something  inter- 
esting about  the  shape  of  the  earth. 
Look  at  the  picture  of  the  eclipse  of 


the  moon.  Is  the  edge  of  the  shadow 
straight  or  curved?  What  does  this 
show  about  the  shape  of  the  earth? 
Why? 


1.  What  happens  when  there  is  a total  eclipse  of  the  sun? 

2.  Why  do  the  small  moon  and  the  hig  sun  seem  to  he  about  the 

same  size  when  you  see  them  in  the  sky? 

3.  What  part  of  the  sun  can  he  seen  only  during  a total  eclipse  of 

the  sun? 

4.  During  an  eclipse  of  the  moon,  what  shadow  hides  the  moon? 

What  does  this  shadow  tell  you  about  the  shape  of  the  earth? 


What  is  beyond 

The  solar  system  is  so  huge  that 
you  cannot  even  imagine  how  big 
it  is.  The  planets  are  so  far  from  the 
sun  that  we  give  their  distances  in 
millions  of  miles.  Can  you  imagine 


the  solar  system? 

how  far  1,000,000  miles  is?  The  dis- 
tance around  the  earth  is  only  25,000 
miles.  How  many  times  would  you 
have  to  go  around  the  earth  to  travel 
one  million  miles?  Forty  times!  Then 


210  UNIT  SEVEN 


think  that  the  sun  is  93  million  miles 
away!  And  Pluto,  the  farthest  planet, 
is  more  than  ZV2  billion  miles  from 
the  sun! 

The  stars  are  far,  far  beyond  the 
solar  system.  The  very  nearest  star 
is  almost  30,000  billion  miles  from  the 
earth.  The  stars  are  so  far  away  that 
scientists  do  not  use  miles  to  tell  their 
distances.  A mile  is  much  too  short. 
Using  miles  would  be  like  giving  the 
distance  from  New  York  to  San  Fran- 
cisco in  inches.  So  scientists  use  what 
is  called  a light-year. 

As  you  already  know,  light  travels 
186,000  miles  a second.  A light-year 
is  the  distance  that  light  travels  in  one 
year.  One  light-year  is  nearly  six  tril- 
lion miles.  To  write  this  number,  put 
twelve  zeros  after  a six  like  this: 
6,000,000,000,000.  This  is  a very  big 
number.  Scientists  use  it  as  the  meas- 


uring stick  when  they  talk  about  dis- 
tances in  the  universe. 

Now  let  us  find  out  how  far  away 
some  of  the  stars  are.  Sirius  is  the 
brightest  star  in  the  sky.  It  is  near 
the  constellation  Orion  in  the  south- 
ern sky.  Sirius  is  a little  more  than 
eight  light-years  away  from  the  earth. 
That  is  over  48  trillion  miles!  Just 
think!  It  takes  the  light  from  Sirius 
more  than  eight  years  to  reach  us  on 
earth.  And  Sirius  is  one  of  the  nearest 
stars  beyond  our  star,  the  sun. 

Do  you  know  where  Arcturus  is? 
Find  the  Big  Dipper.  Then  move  your 
eyes  along  the  curved  handle  of  the 
Big  Dipper  to  twice  its  length.  There 
you  can  see  the  bright  star  Arcturus. 
It  is  forty  light-years  away.  It  is  one 
of  the  nearer  stars,  too. 

In  the  Little  Dipper,  500  light- 
years  away  is  the  North  Star,  or  Po- 
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laris.  Betelgeuse,  the  giant  red  star 
in  the  constellation  Orion,  is  200  light- 
years  away.  Rigel,  the  bright,  bluish- 
white  star  in  Orion,  is  about  600 
light-years  from  the  earth.  And  the 
distances  of  many  other  stars  are 
thousands  of  light-years.  When  you 
think  that  light  takes  a little  over 
eight  minutes  to  travel  from  the  star 
that  we  call  the  sun  to  the  earth,  you 
can  begin  to  realize  how  far  away  the 
other  stars  are. 

The  stars  in  a constellation  seem  to 
be  close  together,  but  they  m^y  be 
many  light-years  apart.  And  there  are 
many  stars  too  far  away  to  be  seen 
with  the  naked  eye.  When  a scientist 
takes  a picture  of  just  a small  part  of 
the  universe,  it  shows  millions  of 
stars.  But  scientists  know  that  there 
are  many  more  stars  in  the  universe 
than  even  a picture  shows.  Scientists 
know  that  there  are  billions  of  stars 
in  the  universe. 

Some  of  these  stars  are  many,  many 
times  as  big  as  our  sun.  Betelgeuse, 
one  of  the  biggest,  is  a giant  among 
stars.  It  would  make  30  million  suns 
the  size  of  our  sun.  Some  stars  may 
have  planets  that  revolve  around 
them  just  as  our  sun  has.  Scientists 
do  not  know  whether  there  are  other 


solar  systems,  but  it  seems  likely 
that  there  are.  Perhaps  someday  the 
scientists  will  be  able  to  tell  us. 

From  what  you  have  learned,  you 
can  see  that  the  earth  is  only  a tiny 
speck  in  a huge  universe.  The  earth 
seems  big  to  us.  But  in  a universe 
where  distances  are  measured  in  tril- 
lions of  miles,  the  earth  is  just  a dwarf 
among  giants.  It  is  only  one  of  the 
billions  of  things  in  the  sky.  And  we 
live  on  this  tiny  earth. 

When  you  look  up  into  the  sky  at 
night,  you  can  see  a bright  pathway 
of  lights  going  from  north  to  south 
across  the  sky.  This  is  the  Milky  Way. 
Powerful  telescopes  show  that  there 
are  millions  and  millions  of  stars  in  it. 
Scientists  believe  that  these  stars  form 
a huge  group  much  bigger  than  the 
groups  of  stars  we  call  constellations. 
A huge  group  of  stars  like  this  is 
called  a galaxy . The  Milky  Way  is 
our  galaxy. 

There  may  be  100  billion  stars  in 
the  galaxy  to  which  the  solar  system 
belongs.  Far  out  beyond  this  galaxy, 
scientists  have  seen  millions  of  other 
galaxies.  Each  one  is  probably  made 
up  of  billions  of  stars.  The  universe 
is  so  vast  we  cannot  really  understand 
how  big  it  is. 


1.  What  is  a light-year?  Why  do  scientists  use  it? 

2.  How  far  from  the  earth  are  the  nearest  stars? 

3.  When  you  look  at  the  North  Star,  you  see  light.  How  long  has  it 

taken  for  the  light  to  get  from  the  North  Star  to  your  eyes? 

4.  What  is  beyond  the  solar  system? 
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QUESTIONS  TO  ANSWER 


1.  Describe  the  things  that  are  in 
the  universe.  Be  sure  to  tell  about  each 
thing  you  have  studied. 

2.  Which  of  these  are  in  the  solar 
system?  Earth,  Polaris,  Sun,  Rigel, 
a comet,  Pluto,  Sirius,  Saturn,  Moon. 

3.  Explain  why  you  are  not  afraid 
that  another  planet  or  a comet  will  hit 
the  earth. 

4.  Why  do  you  think  that  scientists 
want  more  powerful  telescopes  than 
they  now  have? 

5.  Which  of  these  sentences  about 
planets  are  true? 

a)  They  revolve  around  the  sun  in 

certain  orbits. 

b)  They  are  larger  than  the  nearest 

stars. 

c)  They  all  travel  in  the  same  direc- 

tion around  the  sun. 


d ) They  can  be  seen  because  they 

reflect  light  from  the  sun. 

e)  They  are  all  the  same  size  and 

the  same  distance  from  the  sun. 

f ) They  get  their  light  and  heat  from 

the  sun. 

g ) They  rotate  on  an  axis. 

6.  Put  these  in  order  according  to 
their  distance  from  the  earth.  Look  at 
your  book  while  you  are  doing  this. 
Begin  with  the  nearest  one.  Sun,  Ve- 
nus, Moon,  Sirius,  Betelgeuse,  Arctu- 
rus,  Rigel. 

7.  Suppose  that  you  wanted  to  make 
a model  of  the  solar  system.  If  you 
used  one  inch  for  one  million  miles, 
how  far  away  from  the  sun  would  you 
put  each  of  the  planets?  Could  you 
build  this  model  in  your  schoolroom 
or  on  the  playground?  Why? 


THINGS  TO  DO 


1.  Find  out  when  there  will  be  an 
eclipse  of  the  moon.  Watch  the  eclipse. 
If  you  can,  make  drawings  of  the  earth’s 
shadow  as  it  passes  across  the  moon. 

2.  In  1946,  Mars  was  only  60  mil- 
lion miles  from  the  earth.  Sometimes 
it  is  248  million  miles  away.  Find  out 
why  its  distance  from  the  earth 
changes.  Then  make  a drawing  to  show 
where  Mars  and  the  earth  are  in  their 
orbits  when  they  are  close  together 
and  when  they  are  far  apart. 

3.  Find  out  what  a planetarium  is 
and  what  cities  in  our  country  have 
planetariums.  If  you  live  near  one  of 
these  cities,  try  to  visit  the  planetarium. 


4.  Read  in  newspapers  or  magazines 
to  find  out  when  one  of  the  planets  can 
be  seen.  Then  try  to  see  this  planet  in 
the  sky.  Look  at  it  every  few  weeks. 
Each  time,  make  a drawing  to  show 
where  the  planet  is.  Also  show  the 
stars  near  it.  Be  sure  to  put  the  date 
on  each  drawing.  What  do  your  draw- 
ings show? 

5.  Learn  where  some  of  the  largest 
telescopes  are.  If  you  live  near  any  of 
these  places  or  take  a trip  to  it,  try  to 
see  the  telescope. 

6.  Find  out  when  there  will  be  an 
eclipse  of  the  sun  near  your  home. 
How  can  you  watch  this? 
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* In  Unit  Eight  You  Will  Learn  * 

* What  the  different  kinds  off  airplanes  are  * 

* How  an  airplane  is  held  up  in  the  air  * 

* How  an  airplane  is  controlled  * 

* What  kinds  off  engines  drive  airplanes  * 

* What  an  airplane  trip  is  like  * 


How  Do  Airplanes  Fly ? 


We  live  on  the  bottom  of  an 
ocean— the  biggest  and  deepest 
ocean  in  the  whole  world!  It  covers 
the  entire  earth,  both  land  and  water. 
And  it  is  at  least  500  miles  deep.  You 
know  what  this  ocean  is.  It  is  an 
ocean  of  air. 

Machines  that  move  through  this 
air  ocean  are  called  airplanes.  They 
can  cross  mountains,  deserts,  forests, 
jungles,  rivers,  lakes,  and  seas.  And 
they  can  do  this  without  using  roads, 
tunnels,  bridges,  or  canals.  All  they 
need  is  enough  room  on  the  earth’s 
surface  to  go  up  into  the  air  and  then 
come  down  again.  While  they  are  up 
in  the  air,  they  are  as  free  as  the  wind 
or  the  birds. 

Airplanes  can  move  even  faster 
than  the  wind  or  the  birds.  In  a little 
more  than  six  hours,  an  airplane  can 
fly  from  Los  Angeles,  California,  to 
Washington,  D.  C.  This  is  a distance 
of  nearly  2300  miles.  So  the  speed  of 
the  airplane  is  over  360  miles  an  hour. 
That  is  more  than  six  miles  a minute! 
The  distance  from  New  York  City  to 
London,  England,  is  almost  3500 


miles.  An  air  trip  from  one  city  to 
the  other  takes  about  twelve  hours. 
By  air,  we  can  now  travel  to  any  place 
on  earth  in  less  than  sixty  hours! 

Of  course,  you  know  that  airplanes 
carry  passengers,  mail,  express,  and 
freight.  But  that  is  not  all  they  do. 
In  a few  hours  by  air,  explorers  can 
travel  to  out-of-the-way  places  that 
would  take  days  or  even  weeks  to 
reach  by  land  or  water.  Insect  pests 
on  growing  plants  are  killed  by  spray- 
ing or  dusting  poison  on  the  fields 
from  airplanes.  Not  long  ago,  air- 
planes saved  a beautiful  forest  in 
Oregon.  They  sprayed  DDT  on  the 
trees  and  killed  millions  of  insects. 

Forest  rangers  use  airplanes  to  find 
small  forest  fires.  Men  jump  from  the 
planes  with  parachutes  and  put  out 
the  fires  before  great  damage  is  done. 
Patrol  planes  of  the  Coast  Guard  find 
ships  that  are  in  trouble  and  send 
boats  to  rescue  them.  A few  years 
ago,  a map  of  our  country  was  needed 
in  a hurry.  Airplanes  took  thousands 
of  photographs.  Then  the  photographs 
were  put  together  to  make  the  map. 
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Most  airplanes  have  the  parts  shown  in  this  picture. 


The  whole  job  was  done  in  much  less 
time  than  it  could  have  been  done  in 
any  other  way.  And  the  map  was 
much  more  accurate! 


In  this  unit,  you  will  learn  about  the 
different  kinds  of  airplanes.  You  will 
also  find  out  how  they  move  through 
the  sky. 


What  are  the  different  kinds  of  airplanes? 


Iong  before  the  first  airplane  was 
-i  made,  people  used  balloons  to  go 
up  into  the  air.  But  balloons  are  not 
used  very  much  today  except  by  sci- 
entists who  are  studying  the  air  high 
above  the  earth.  A balloon  has  a 
cloth  or  rubber  bag  filled  with  a gas 
that  is  lighter  than  air.  This  light  gas 
makes  it  possible  for  the  balloon  to 
float  in  the  air. 

An  airplane  is  built  of  light  but 
strong  materials,  such  as  aluminum, 
magnesium,  wood,  or  even  cloth.  Its 
parts  are  usually  hollowed  out  to 


make  them  lighter.  In  spite  of  all 
this,  an  airplane  always  weighs  more 
than  air.  If  it  did  not  have  a special 
way  of  staying  up  in  the  air,  it  would 
drop  to  the  earth  like  a stone.  Some- 
times this  does  happen  when  some- 
thing goes  wrong  in  an  airplane.  Then 
there  may  be  a serious  accident. 

Most  airplanes  are  driven  through 
the  air  by  an  engine  that  turns  a pro- 
peller. Large  airplanes  have  two  or 
more  engines  and  propellers.  But  the 
first  thing  that  you  probably  notice 
about  an  airplane  is  its  wings.  They 
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This  is  a small  amphibian  plane.  It  has  wheels  that  can  be  pulled  up  when  the  plane 
is  going  to  land  on  water. 


stick  out  on  either  side  of  its  long, 
narrow  body.  The  body  of  an  airplane 
is  called  the  fuselage.  Most  of  the  air- 
planes built  today  are  monoplanes. 
They  have  one  pair  of  wings.  Mono- 
means one.  Airplanes  with  two  pairs 
of  wings  are  called  biplanes.  Bi- 
means two.  Biplanes  are  seldom  used 
now.  Years  ago,  even  triplanes  with 
three  pairs  of  wings  were  built. 

The  wings  of  an  airplane  are  usu- 
ally attached  to  the  top,  bottom,  or 
sides  of  the  fuselage  near  the  front, 
or  nose.  If  a plane  has  only  one  engine 
and  propeller,  they  are  usually  put  in 
the  nose  of  the  fuselage.  But  if  a plane 
has  two  or  more  engines  and  pro- 
pellers, they  are  usually  fastened  to 
the  wings.  At  the  rear  of  the  fuselage 
is  the  tail. 

Under  the  fuselage  and  the  wings 
is  the  landing  gear.  There  are  several 


kinds  of  landing  gear.  Some  kinds 
are  built  to  use  on  the  ground.  Others 
are  made  to  use  on  the  water.  Air- 
planes that  take  off  and  land  on  the 
ground  are  called  land  planes.  Their 
landing  gear  usually  has  wheels. 
Sometimes  skis  or  runners  are  used 
in  place  of  wheels  if  the  airplane  must 
take  off  and  land  on  snow  or  ice. 

Airplanes  that  take  off  and  come 
down  on  water  are  called  seaplanes. 
Some  seaplanes  look  like  land  planes 
except  that  they  do  not  have  wheels. 
Instead,  they  have  floats  that  are 
called  pontoons.  Other  seaplanes  have 
a fuselage  shaped  like  a boat.  So  this 
kind  is  often  called  a flying  boat. 
Another  kind  of  airplane  can  take  off 
and  come  down  on  either  land  or 
water.  This  kind  of  plane  is  called  an 
amphibian  plane.  It  has  floats  and 
wheels  that  can  be  pulled  up. 
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This  picture  shows  how  three  gliders  can  he  towed  behind  an  airplane. 


A glider  looks  very  much  like  a land 
plane.  But  it  has  no  engine  or  pro- 
peller. The  landing  gear  may  be  one 
or  more  wheels  or  small  pontoons  for 
landing  on  water.  Some  way  must  be 
provided  to  get  a glider  up  into  the  air. 
It  is  usually  pulled  up  into  the  air  with 
a rope  fastened  to  an  automobile  or 
an  airplane.  After  the  glider  is  in  the 
air,  the  rope  is  unfastened.  A glider 
can  stay  up  for  a long  time  and  travel 
many  miles.  To  do  this,  the  pilot  must 
know  how  to  use  the  currents  of  warm 
air  that  are  pushed  up  from  the  earth. 
As  many  as  three  gliders  at  one  time 


have  been  towed  in  a “sky  train”  be- 
hind an  airplane. 

The  most  unusual  kind  of  airplane 
is  called  a helicopter.  It  has  no  wings 
like  those  of  an  ordinary  airplane.  In- 
stead, it  has  a set  of  rotating  blades 
on  top  of  the  fuselage.  They  are  turned 
by  an  engine.  There  is  no  propeller 
on  the  nose,  but  a small  propeller  on 
the  tail  helps  in  steering.  A helicop- 
ter can  take  off  by  going  straight  up 
and  land  by  coming  straight  down. 
So  it  can  land  in  a very  small  place. 
It  can  fly  forward,  backward,  and  side- 
ways. It  can  even  stand  still  in  the  air! 


1.  Why  do  airplanes  have  different  kindis  of  landing  gear? 

2.  What  do  we  call  the  body  of  an  airplane?  The  front  of  an  airplane? 

The  rear  of  an  airplane? 

3.  What  does  monoplane  mean?  What  does  biplane  mean?  Which 

is  commoner  today? 

4.  How  is  a helicopter  different  from  an  ordinary  airplane? 
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A helicopter  can  bring  the  mail  directly  to  the  post  office  in  a big  city,  because  it  can 
land  on  the  roof. 

How  is  an  airplane  kept  up  in  the  air? 


For  hundreds  of  years,  people 
watched  flying  birds  and  insects, 
and  they  saw  seeds  that  glided 
through  the  air.  How  wonderful  it 
would  be  to  fly,  they  thought.  One 
old  story  tells  about  a man  named 
Daedalus.  He  made  wings  of  feathers 
and  wax  for  himself  and  his  son  Ica- 
rus. Off  they  soared  through  the  air, 
flapping  their  wings.  But  Icarus  flew 
too  near  the  sun.  The  wax  in  his 
wings  melted,  and  he  fell  into  the  sea. 
Of  course,  we  do  not  believe  this  old 
story.  Yet  it  does  show  that  people 
of  long  ago  wanted  to  fly. 

As  the  years  went  by,  inventors 
thought  up  all  sorts  of  queer  contrap- 
tions for  flying.  One  invention  was 
a pair  of  wings  that  flapped  like  the 
wings  of  a bird.  Another  invention 


was  supposed  to  be  rowed  through 
the  air  with  oars.  Needless  to  say, 
few  of  these  flying  machines  ever  got 
off  the  ground.  Those  that  did  soon 
crashed.  Usually  the  pilot  was  injured 
or  even  killed. 

Then  one  day  about  forty-five  years 
ago,  two  brothers,  Orville  and  Wilbur 
Wright,  tried  out  a flying  machine 
that  they  had  made.  The  Wright 
brothers  had  already  built  a glider 
that  stayed  up  in  the  air  for  some 
time.  But  now  they  had  added  some- 
thing new.  Their  flying  machine  had 
two  propellers  driven  by  a small  gaso- 
line engine.  They  locked  up  their  bi- 
cycle shop  in  Dayton,  Ohio,  and  went 
off  to  Kitty  Hawk,  North  Carolina. 
Here  they  found  a sandy  beach  with 
enough  wind  for  the  test.  On  the 
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beach,  they  built  a runway  sixty  feet 
long  to  help  their  biplane  get  into  the 
air. 

At  last,  everything  was  ready.  Or- 
ville Wright  sat  at  the  controls.  The 
engine  was  started,  and  the  propellers 
began  to  spin  around.  The  flying  ma- 
chine moved  down  the  runway,  slowly 
at  first,  then  faster  and  faster.  It  rose 
into  the  air!  Twelve  seconds  later,  it 
crashed  into  a sandbank  120  feet  from 
the  end  of  the  runway.  The  damage 
was  soon  repaired,  and  the  plane 
made  three  more  flights  that  day.  The 
fourth  and  last  flight  was  the  longest. 
The  biplane  stayed  up  in  the  air 
for  59  seconds  and  traveled  850  feet. 
Of  course,  that  is  not  much  com- 
pared with  what  modern  planes  can 
do.  But  the  first  real  airplane  had 
flown  under  its  own  power. 

Why  did  the  Wright  brothers  suc- 
ceed after  so  many  others  had  failed? 
For  one  thing,  their  airplane  was  as 
light  as  they  could  make  it.  Then,  too, 
the  gasoline  engine  supplied  enough 
power  without  being  very  heavy.  But 
even  more  important,  they  had  in- 
vented a better  set  of  controls  than 
any  that  had  ever  been  made  before. 
In  fact,  the  controls  of  the  most  mod- 
ern airplanes  were  developed  from 
those  that  the  Wright  brothers  first 
used.  Later  in  this  unit,  you  will  learn 
how  the  controls  of  an  airplane  work. 

Now  let  us  find  out  what  keeps  an 
airplane  up  in  the  air.  As  you  know, 
the  force  of  gravity  pulls  down  on 
everything  in  the  world.  When  you 


lift  something,  you  must  use  enough 
upward  force  to  overcome  the  down- 
ward pull  of  gravity  on  the  thing  you 
are  lifting.  To  get  an  airplane  off  the 
ground  and  keep  it  in  the  air,  enough 
force  must  push  upward  to  overcome 
the  downward  pull  of  gravity. 

What  supplies  this  upward  push  to 
an  airplane?  Strangely  enough,  it  is 
the  air.  You  know  that  air  is  a ma- 
terial. It  takes  up  space,  and  it  has 
weight.  Gravity  pulls  down  on  the 
air  just  as  it  pulls  down  on  everything 
else.  Air  pushes  against  the  earth  and 
everything  on  the  earth.  It  pushes 
against  your  body,  too.  If  air  can 
push,  it  must  have  force.  When  the 
air  is  still,  you  do  not  notice  its  force. 
But  when  the  air  is  moving,  you  can 
feel  its  force.  You  know  that  wind,  or 
moving  air,  can  make  things  move. 

Air  pushes  in  all  directions— down- 
ward, upward,  and  even  sideways.  If 
you  blow  into  a toy  balloon  or  pump 
up  a basketball,  air  pushes  against 
the  top,  the  bottom,  and  the  sides. 
The  whole  balloon  or  ball  swells  out 
as  the  air  pushes  against  it.  You  can 
do  an  experiment  to  show  that  air 
pushes  upward  as  well  as  downward. 

Put  a glass  tube  into  some  water. 
Hold  your  finger  tightly  over  the  top 
of  the  tube  and  lift  the  tube  out  of  the 
water.  Why  does  water  stay  in  the 
tube?  Take  your  finger  away  from  the 
top  of  the  tube.  What  happens  to  the 
water  now?  When  your  finger  closed 
the  top  of  the  tube,  air  pushed  up  on 
the  water  and  kept  it  in  the  tube.  But 
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when  you  took  your  finger  away,  air 
also  pushed  down  on  the  water  inside 
the  tube  as  well  as  up  on  it.  Then  the 
water  ran  out  of  the  tube. 

Here  is  another  experiment  to  show 
you  that  air  pushes  upward.  Fill  a 
glass  full  of  water.  Be  sure  that  the 
water  comes  right  up  to  the  top.  Now 
put  a piece  of  smooth  cardboard  over 
the  glass.  Hold  the  cardboard  tightly 
on  the  glass  and  carefully  turn  the 
glass  upside  down.  Then  take  your 
hand  away  from  the  cardboard.  Why 
does  the  water  not  run  out?  What 
keeps  the  cardboard  from  falling? 
Gravity  pulls  down  on  the  cardboard 
and  on  the  water.  But  the  air  pushes 
up  against  the  cardboard  with  even 
more  force.  It  holds  the  cardboard 
tightly  against  the  glass.  So  the  water 
cannot  run  out. 

These  experiments  show  that  air 
can  push  upward  with  enough  force  to 


overcome  the  downward  pull  of  grav- 
ity. To  lift  an  airplane  off  the  ground 
and  keep  it  up,  air  must  be  made  to 
push  up  harder  on  the  plane  than 
gravity  pulls  down.  An  airplane  is 
built  to  make  the  force  of  air  do  this. 
You  can  probably  guess  that  the  wings 
and  the  propeller  have  something  to 
do  with  producing  the  upward  force. 
Let  us  see  how  they  help  lift  the  plane 
off  the  ground. 

Did  you  ever  try  to  fly  a kite  when 
there  was  not  much  wind?  You  had 
to  run  with  the  kite  to  get  it  up.  As 
you  pulled  on  the  string,  the  kite 
slanted.  Air  rushed  against  the  under- 
side, and  the  force  of  air  lifted  the 
kite  into  the  air. 

Now  look  at  the  picture  on  the  next 
page.  It  shows  how  the  wing  of  an 
airplane  is  attached  to  the  fuselage. 
Do  you  see  that  the  wing  slants  a 
little?  When  the  airplane  is  moving, 
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air  rushes  against  the  underside  of  the 
wing.  The  force  of  the  air  pushes  the 
wing  up.  Of  course,  this  force  helps 
lift  the  plane.  But  even  more  force  is 
produced  in  a different  way. 

Look  at  the  picture  again.  Do  you 
see  that  the  top  of  the  wing  is  curved? 
You  can  also  see  that  the  wing  is 
thicker  in  front  than  it  is  behind.  This 
shape  of  the  wing  makes  the  air  push 
up  with  more  force.  You  can  do  some 
experiments  to  see  why  this  is  true. 

Cut  a strip  of  paper  about  an  inch 
wide  and  ten  inches  long.  Fold  one 
end  over  your  thumb  and  hold  it  un- 
der your  lips,  as  shown  in  the  picture. 
Now  blow  over  the  top  of  the  strip. 
What  happens?  When  you  are  not 
blowing,  the  strip  hangs  down.  But 
when  you  blow,  the  strip  comes  up 
and  stands  straight  out.  What  lifted 
the  paper?  The  force  of  air  up  against 
the  strip  must  be  greater  than  the 


force  of  air  down  on  top  of  the  strip. 
So  the  strip  is  forced  upward.  This 
must  mean  that  when  air  is  moving 
fast,  its  force  down  on  the  strip  is  less 
than  the  force  of  the  air  pushing  up. 

Another  experiment  will  help  you 
see  that  this  is  true.  Cut  two  paper 
strips  about  an  inch  wide  and  ten 
inches  long.  Hold  the  strips  about  an 
inch  apart,  as  shown  in  the  picture. 
The  strips  will  hang  straight  down. 
Now  blow  down  between  the  strips. 
This  will  make  the  air  between  them 
move  very  fast.  What  happens? 

Before  you  blow  between  the  strips, 
the  force  of  air  is  the  same  on  both 
sides.  So  the  strips  hang  straight 
down.  But  when  you  blow  between 
the  strips,  the  air  moves  faster.  So 
the  force  of  air  between  the  strips  be- 
comes less  than  the  force  of  air  on  the 
outside.  The  greater  force  on  the  out- 
side pushes  the  strips  together. 
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Now  you  can  understand  what  hap- 
pens when  air  rushes  over  the  top  of 
an  airplane  wing.  The  air  that  goes 
over  the  curved  top  has  to  travel  far- 
ther than  the  air  that  goes  under  the 
bottom  of  the  wing.  You  can  see  that 
this  is  true  by  looking  at  the  picture. 
The  bottom  of  the  wing  is  straight. 
The  air  that  goes  over  the  top  of  the 
wing  moves  faster,  because  it  has  to 
travel  farther. 

The  experiments  with  the  paper 
show  what  happens  when  air  moves 
faster  on  one  side  of  something  than 
on  the  other  side.  The  force  of  air  is 
less  on  the  side  where  the  air  moves 
faster.  This  means  that  the  force  of 
air  down  on  top  of  the  wings  is  less 
than  the  upward  force  on  the  under- 
side. This  upward  force  is  called  the 
lift. 

An  airplane  stays  up  in  the  air 
when  the  upward  force  of  air  on  the 
wings  is  greater  than  the  downward 
pull  of  gravity.  Or  as  scientists  say, 
the  lift  is  greater  than  the  weight  of 


the  plane.  This  lift  is  caused  in  two 
ways. 

1.  Air  rushes  against  the  slanting 
underside  of  the  wings  and  pushes 
them  up. 

2.  Air  moves  faster  over  * the 
curved  top  of  the  wings  than  it  does 
over  the  straight  bottom.  So  the  force 
of  air  is  less  on  top  of  the  wings  than 
it  is  up  against  the  bottom. 

Curiously  enough,  air  rushing  over 
the  wings  produces  about  three  times 
as  much  lift  as  air  rushing  against  the 
underside.  You  can  get  an  idea  of 
what  happens  by  doing  this  experi- 
ment. Fill  a U-shaped  glass  tube  half 
full  of  water.  The  level  of  the  water 
in  both  sides  of  the  tube  will  be  the 
same. 

Now  blow  very  gently  into  one  end 
of  the  tube.  The  water  will  go  down 
on  this  side  of  the  tube  and  up  on 
the  other  side.  Blowing  makes  the 
force  of  air  greater  on  one  side  than 
on  the  other.  Then  suck  very  gently 
on  the  other  end  of  the  tube.  Again 
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the  water  comes  up  on  this  side  and 
goes  down  on  the  other.  But  it  does 
this  for  a different  reason.  Sucking 
makes  the  force  of  air  less  on  one 
side.  Air  pushes  down  harder  on  the 
other  side,  and  the  water  goes  up. 

You  can  easily  imagine  what  would 
happen  if  you  blew  on  one  end  of  the 
tube  while  someone  else  sucked  on 
the  other  end.  Water  would  shoot  up 
on  the  side  where  the  force  of  air  was 
less.  The  difference  in  the  force  of  air 
between  the  two  sides  would  be  much 
greater.  In  an  airplane,  the  difference 
in  the  force  of  air  on  both  sides  of  the 
wing  is  great  enough  to  overcome  the 
pull  of  gravity  and  to  lift  the  plane. 

A propeller  turned  by  an  engine 
drives  an  airplane  fast  enough  to  keep 
it  up  in  the  air.  As  the  propeller  spins 


around,  it  pushes  back  on  the  air  and 
drives  the  plane  forward.  If  this  seems 
queer,  stop  and  think  a minute.  To 
make  a coaster  wagon  or  a scooter  go 
forward,  you  push  back  on  the  ground 
with  your  foot.  A rowboat  or  a canoe 
goes  ahead  when  you  push  back  on 
the  water  with  oars  or  a paddle.  And 
a ship  moves  forward  when  its  pro- 
peller pushes  back  against  the  water. 

An  airplane  propeller  may  have 
two,  three,  four,  or  even  more  blades. 
In  a modern  airplane,  the  slant  at 
which  the  blades  cut  into  the  air  can 
be  changed.  As  the  plane  goes  higher 
and  the  air  gets  thinner,  the  slant  of 
the  blades  is  made  greater  to  take  a 
bigger  “bite”  of  air.  This  keeps  the 
propeller  from  spinning  too  fast  and 
wasting  the  force  of  the  engine. 


1.  Why  do  you  think  that  people  have  always  wanted  to  fly? 

2.  Give  some  reasons  why  the  Wright  brothers’  airplane  was  the  first 

to  make  a successful  flight. 

3.  Explain  as  carefully  as  you  can  what  keeps  an  airplane  up  in  the 

air.  Draw  some  simple  pictures  on  the  blackboard  to  show  what 
you  mean. 

4.  What  does  a propeller  do  to  help  keep  an  airplane  up  in  the  air? 

5.  In  what  two  ways  is  the  lift  produced  in  an  airplane?  Which  way 

gives  most  of  the  lift? 
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This  is  the  instrument  hoard  of  a small  airplane.  A large  plane  has  many  more  instru- 
ments on  its  hoard. 


How  is  an  airplane  controlled? 


You  cannot  learn  to  fly  an  air- 
plane just  by  reading  a book.  But 
you  can  find  out  some  of  the  things 
a pilot  must  do  to  guide  a plane 
through  the  air.  Before  any  person 
is  allowed  to  fly  a plane  all  by  him- 
self, he  must  spend  many  hours  prac- 
ticing with  a teacher.  To  steer  a 
wagon,  a scooter,  or  even  an  automo- 
bile, all  you  have  to  do  is  turn  right 
or  left  or  keep  going  straight  ahead. 
The  wheels  run  along  the  ground,  and 
they  go  up  or  down  over  hills  and 
bumps. 

In  an  airplane,  the  pilot  must  make 
three  different  kinds  of  turns. 

1.  He  can  turn  the  plane  to  the 
right  or  left. 

2.  He  can  point  the  nose  up  or 
down. 

3.  He  can  tilt  the  plane  sideways 
to  the  right  or  left. 


Often,  the  plane  must  make  two 
kinds  of  turns,  or  even  all  three,  at  the 
same  time.  You  can  see  why  it  takes 
more  skill  and  more  controls  to  steer 
an  airplane  than  it  does  to  steer  an 
automobile. 

Now  let  us  look  inside  an  airplane 
and  see  what  some  of  these  controls 
are.  In  front  of  the  pilot’s  seat  are 
several  instruments  for  him  to  watch. 
One  of  these  is  the  tachometer.  This 
shows  how  fast  the  engine  is  going. 
The  air-speed  indicator  gives  the 
speed  of  the  plane  through  the  air. 
How  high  the  plane  is  above  the  earth 
is  shown  by  the  altimeter.  A mag- 
netic compass  tells  the  pilot  in  which 
direction  the  plane  is  heading.  The 
fuel  gauge  shows  how  much  gasoline 
there  is  in  the  tanks.  Other  gauges 
give  the  temperature  and  the  pressure 
of  the  oil  in  the  engine.  Some  planes 
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Near  the  floor  in  front  of  the  pilot’s 
seat  are  two  pedals.  These  can  be 
worked  by  his  feet.  They  are  con- 
nected to  the  rudder.  This  is  the  up- 
right part  of  the  tail  that  can  be 
moved  from  side  to  side.  Pushing  on 
the  right  pedal  turns  the  rudder  to  the 
right.  Then  air  hits  the  right  side  of 
the  rudder  and  pushes  the  tail  to  the 
left.  This  makes  the  nose  of  the  plane 
point  toward  the  right.  Pushing  on 
the  left  pedal  does  just  the  opposite. 
It  makes  the  nose  point  to  the  left. 
Just  ahead  of  the  rudder  is  a part  of 
the  tail  called  the  fin.  It  does  not  move, 
but  helps  keep  the  plane  straight 
when  the  rudder  is  not  turned. 

Directly  in  front  of  the  pilot  is  a 
lever  called  the  stick.  This  lever  can 
be  moved  backward  and  forward  or 
from  side  to  side  with  the  hands.  In 
some  planes,  a wheel  that  moves  back 
and  forth  is  used  instead  of  a lever. 
The  stick  is  connected  to  the  elevator. 
This  is  the  flat  part  of  the  tail  that 
can  be  moved  up  and  down.  Pulling 
back  on  the  stick  raises  the  elevator. 


the  nose  of  the  plane  point  up.  Push- 
ing the  stick  forward  lifts  the  tail  and 
makes  the  nose  point  down.  Just 
ahead  of  the  elevator  is  a part  of  the 
tail  called  the  stabilizer.  It  does  not 
move,  but  it  helps  keep  the  plane  level 
when  the  elevator  is  not  being  used. 

There  are  movable  flaps  on  the  rear 
edge  of  each  wing.  These  flaps  are 
called  ailerons.  They  are  connected 
to  the  stick.  Moving  the  stick  to  the 
right  raises  the  right  aileron  and 
lowers  the  left  aileron.  Air  rushing 
over  the  right  wing  hits  the  raised 
aileron  and  pushes  this  wing  down. 
And  air  rushing  under  the  left  wing 
hits  the  lowered  aileron  and  pushes 
that  wing  up.  So  the  plane  tilts  side- 
ways to  the  right.  Moving  the  stick 
to  the  left  does  just  the  opposite.  It 
makes  the  plane  tilt  to  the  left. 

If  you  have  a small  model  airplane 
or  a toy  glider,  you  can  see  how  an 
airplane  is  controlled.  First,  try  mov- 
ing the  rudder  from  side  to  side.  Then 
move  the  elevator  up  and  down.  Raise 
one  aileron  and  lower  the  other.  Also 
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try  this.  Turn  the  rudder  to  the  right, 
raise  the  elevator,  and  put  the  right 
aileron  up  and  the  left  one  down.  Set 
the  controls  in  other  ways,  too. 

Perhaps  you  are  thinking  that  it  is 
not  so  hard  to  fly  an  airplane.  All  you 
have  to  do  is  push  pedals,  move  a 
stick,  and  watch  some  instruments. 
But  it  is  not  really  so  easy  as  that.  It 
takes  a pilot  a long  time  to  learn  how 
to  move  the  controls  so  that  they  work 
together.  Suppose  that  we  pretend  to 
take  a short  flight  just  to  see  what  a 
pilot  might  have  to  do. 

The  plane  is  rolled  out,  and  the 
pilot  climbs  into  his  seat.  He  looks 
at  the  fuel  gauge  to  see  whether  there 
is  enough  gasoline  in  the  tanks.  Then 
he  waves  to  a mechanic  to  start  the 
engine.  This  is  done  by  spinning  the 
propeller  or  using  an  automatic 
starter.  When  the  engine  is  going, 
the  pilot  lets  it  run  for  a while  to 
warm  up.  He  looks  at  the  oil  gauges 
to  see  whether  the  temperature  and 
the  pressure  are  right.  At  last,  every- 
thing is  ready. 

The  blocks  in  front  of  the  wheels 
are  pulled  out,  and  the  propeller 


drives  the  plane  down  the  runway. 
Moving  a plane  along  the  ground  in 
this  way  is  called  taxiing.  At  the  end 
of  the  runway,  the  pilot  turns  the  rud- 
der and  heads  the  plane  into  the  wind. 
If  possible,  a plane  always  takes  off 
into  the  wind,  because  the  wind  rush- 
ing past  the  wings  gives  an  extra  lift 
to  the  plane. 

The  pilot  opens  the  throttle.  This 
is  a lever  that  controls  the  flow  of  gas- 
oline to  the  engine.  The  propeller 
turns  at  full  speed  when  the  throttle 
is  open.  As  the  propeller  drives  the 
plane  swiftly  down  the  runway,  the 
pilot  pushes  the  stick  forward.  This 
lowers  the  elevator  and  lifts  the  tail 
off  the  ground.  Now  the  plane  is  go- 
ing even  faster.  The  pilot  looks  at  the 
air-speed  indicator.  The  plane  is  mov- 
ing fast  enough  to  take  off.  He  pulls 
slowly  back  on  the  stick.  This  raises 
the  elevator  and  pushes  the  tail  down. 
The  nose  of  the  plane  points  up,  and 
the  plane  rises  into  the  air. 

Not  a moment  too  soon!  The  wheels 
just  clear  the  fence  at  the  end  of  the 
runway.  The  plane  keeps  on  climb- 
ing. But  there,  straight  ahead,  is  a tall 
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chimney.  The  pilot  pushes  on  the 
right  pedal  and  at  the  same  time 
moves  the  stick  back  and  to  the  right. 
The  plane  makes  a sharp  right  turn 
with  its  wings  tilted  sideways  to  the 
right. 

You  can  easily  see  why  this  hap- 
pens. Pushing  the  right  pedal  turns 
the  rudder  to  the  right.  Wind  striking 
the  rudder  turns  the  nose  of  the  plane 
to  the  right.  When  the  stick  is  moved 
back,  the  elevator  is  raised  and  the 
wind  pushes  the  nose  up.  The  pilot 
must  do  this  in  making  a turn  to  keep 
the  plane  at  the  same  height.  Moving 
the  stick  to  the  right  raises  the  right 
aileron  and  lowers  the  left  aileron. 
So  the  plane  tilts  to  the  right. 

The  pilot  flies  around  for  a while 
and  then  decides  to  land.  He  knows 


that  a good  landing  is  much  harder 
to  make  than  a good  take-off.  First, 
he  circles  around  the  field.  He  picks 
out  a runway  where  the  wind  will 
blow  toward  the  nose  of  the  plane.  If 
possible,  a plane  always  lands  into  the 
wind.  Then  he  pushes  forward  on  the 
stick  to  point  the  nose  slightly  down 
as  he  glides  toward  the  field. 

Now  the  plane  is  near  the  ground. 
The  pilot  pulls  back  on  the  stick  to 
lower  the  tail  slightly.  The  plane 
skims  along  just  a few  feet  above  the 
ground.  The  pilot  closes  the  throttle, 
and  the  plane  slows  down.  As  the 
plane  loses  speed,  it  also  loses  lift.  It 
settles  gently  to  the  ground  with  both 
wheels  and  the  tail  touching  at  the 
same  time.  This  is  called  a “three- 
point”  landing. 


1.  Why  is  an  airplane  harder  to  control  than  an  automobile? 

2.  Make  a list  of  the  things  that  a pilot  must  do  to  take  off  and  land. 

3.  Why  does  a pilot  try  to  have  his  plane  take  off  into  the  wind? 

4.  What  does  “three-point”  landing  mean? 

5.  Explain  what  each  of  these  is  used  for. 

Tachometer  Altimeter  Rudder  Stick  Elevator  Fin 
Compass  Air-speed  indicator  Stabilizer  Ailerons  Throttle 
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An  airplane  must  go  fast  enough 
- for  the  upward  force  of  air  to 
overcome  the  downward  pull  of  grav- 
ity. Otherwise  the  plane  cannot  get 
into  the  air  and  stay  up.  But  to  go 
fast  enough,  an  airplane  must  have  a 
powerful  engine.  Before  planes  could 
be  made  to  fly,  inventors  had  to  build 
an  engine  that  would  give  enough 
speed  without  being  too  heavy.  They 
tried  all  sorts  of  things.  One  flying 
machine  had  pedals  pushed  by  the 
feet.  Another  one  had  a steam  en- 
gine! Of  course,  these  things  had 
either  too  little  power  or  too  much 
weight. 

Then  the  gasoline  engine  was  in- 
vented. It  gave  enough  power,  and  it 
was  not  too  heavy.  The  Wright  broth- 
ers used  a small  gasoline  engine  to 
turn  the  two  propellers  of  their  air- 
plane. They  built  the  engine  them- 
selves. It  was  very  much  like  the  en- 
gines used  in  the  automobiles  of  that 
time.  As  you  know,  all  gasoline  en- 
gines get  their  force  from  exploding 
gas.  The  Wright  brothers’  engine  was 
fairly  light,  but  it  had  enough  power 


to  drive  their  plane  along  at  thirty 
miles  an  hour. 

Modern  airplanes  are  much  bigger 
and  heavier  than  the  first  airplanes. 
They  must  go  at  least  two  or  three 
times  as  fast  to  get  into  the  air.  Much 
more  powerful  engines  have  been 
built  to  drive  modern  planes  along  at 
high  speeds.  Some  of  these  engines 
weigh  four  times  as  much  as  the 
Wright  brothers’  entire  airplane. 

There  are  two  kinds  of  gasoline  en- 
gines used  in  the  airplanes  of  today. 
One  kind  is  called  the  in-line  engine. 
It  has  its  cylinders  in  a straight  line 
with  the  shaft  that  turns  the  propeller. 
The  cylinders  are  the  places  where 
the  gas  is  exploded  to  make  the  engine 
turn.  Large  in-line  engines  usually 
have  two  or  more  rows  of  cylinders. 
If  you  look  at  them  from  one  end, 
they  are  shaped  like  a V or  a W.  In- 
line engines  are  nearly  always  cooled 
by  a liquid  that  flows  in  the  hollow 
spaces  around  the  cylinders.  The  same 
liquid  is  often  used  in  the  cooling  sys- 
tems of  automobiles  in  winter.  It  does 
not  boil  away  quickly  at  high  tem- 
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The  engine  on  the  left  is  an  in-line  engine.  The  one  on  the  right  is  a radial  engine. 


peratures,  and  it  does  not  freeze  easily 
at  low  temperatures. 

The  other  kind  of  engine  has  its 
cylinders  arranged  around  the  pro- 
peller shaft  like  the  spokes  of  a wheel. 
It  is  called  the  radial  engine.  A large 
engine  of  this  kind  may  have  two  or 
three  circles  of  cylinders,  one  behind 
another.  Radial  engines  are  cooled  by 
the  air  that  rushes  past  them.  To  get 
the  heat  away  quickly,  the  cylinders 
are  made  with  many  thin  pieces  of 
metal  sticking  straight  out  from  their 
sides.  A radial  engine  does  not  have 
the  extra  weight  of  the  liquid  needed 
to  cool  an  in-line  engine.  But  the  cyl- 
inders in  a radial  engine  stand  out 
around  the  propeller  shaft  and  slow 
the  plane  down. 

High  above  the  earth  the  air  is  thin. 
Both  kinds  of  airplane  engines  would 


have  trouble  in  getting  enough  oxy- 
gen to  burn  the  gasoline  completely. 
So  a special  high-speed  air  pump  is 
used  to  get  more  oxygen  into  the  cyl- 
inders. A pump  like  this  is  called  a 
supercharger.  It  presses  the  thin  air 
together  and  forces  it  into  the  engine. 
For  flying  very  high  above  the  earth, 
two  superchargers  are  sometimes 
used.  They  force  much  more  oxygen 
into  the  cylinders. 

Not  many  years  ago,  scientists  dis- 
covered a new  way  of  driving  planes 
through  the  air.  This  new  way  is 
called  jet  propulsion.  No  propeller  is 
needed.  Air  rushing  in  through  the 
front  of  the  plane  is  mixed  with  kero- 
sene. Then  the  mixture  of  kerosene 
and  air  is  burned.  Very  hot,  expand- 
ing gases  rush  out  at  the  rear  of  the 
plane.  This  drives  the  plane  forward. 
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An  experiment  that  you  can  do  very 
easily  will  show  you  how  a backward 
rush  of  gas  can  drive  something  for- 
ward. 

Get  a toy  balloon.  Fill  it  with  air 
by  blowing  into  it.  Hold  the  opening 
between  your  fingers  to  keep  the  air 
in.  Now  point  the  balloon  away  from 
you  and  let  go  of  it.  What  happens? 
Do  you  see  how  air  rushing  out  the 
back  drives  the  balloon  forward?  A 
steady  stream  of  gases  from  a jet  en- 
gine drives  an  airplane  forward  in  the 


same  way.  The  picture  on  this  page 
shows  a jet-propelled  plane.  How  is 
it  different  from  most  other  planes? 

Jet-propelled  planes  have  traveled 
faster  than  600  miles  an  hour.  But 
they  use  more  fuel  than  planes  driven 
by  gasoline  engines.  So  they  cannot 
stay  up  in  the  air  for  very  long  at  a 
time  or  carry  a big  load.  Probably  for 
some  time  to  come,  in-line  engines 
and  radial  engines  will  still  be  used 
in  planes  that  make  long  flights  and 
carry  heavy  loads. 


1 . Why  did  inventors  find  it  hard  to  get  an  engine  that  would  lift  an 

airplane  off  the  ground? 

2.  How  are  in-line  engines  different  from  radial  engines?  How  are 

they  alike? 

3.  Why  do  airplane  engines  need  superchargers? 

4.  Are  all  airplanes  driven  hy  propellers?  Explain  your  answer. 
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The  ground  in  an  airport  is  often  covered  with  a wire  mesh  to  make  a hard  surface. 


What  is  an  airplane  trip  like? 


Every  year,  airplanes  carry  several 
million  passengers  and  many  tons 
of  mail  and  express  between  cities  in 
our  own  country  and  across  the  seas 
to  other  lands.  More  than  a dozen 
companies,  or  air  lines,  provide  us 
with  air  transportation.  Their  planes 
fly  on  regular  schedules  over  certain 
routes  called  airways.  Almost  every 
city  has  its  airport,  where  planes  can 
land  and  take  off.  And  many  other 
air  fields  are  scattered  throughout  our 
country  for  use  in  an  emergency. 

To  find  out  what  air  travel  is  like, 
suppose  that  we  take  an  imaginary 
airplane  trip  from  Chicago  to  New 
York  City.  In  most  big  cities,  the  air- 
port is  in  the  outskirts  where  there  is 
a large,  open  space  with  no  tall  build- 


ings around  it.  The  airport  is  usually 
a mile  or  more  square.  Along  the 
sides  of  the  airport  are  some  low 
buildings  with  the  names  of  different 
air  lines  on  them.  These  are  the 
hangars,  where  the  planes  are  kept. 
A small  tractor  pulls  the  planes  in 
and  out  of  the  hangars.  If  a plane 
tried  to  taxi  in  or  out,  the  blast  of  air 
from  its  propellers  might  wreck  the 
building  or  damage  other  planes. 

Another  low  building  at  the  side  of 
the  airport  looks  somewhat  like  a rail- 
road station  or  a bus  station.  This  is 
the  administration  building.  Inside 
are  ticket  windows,  a waiting  room, 
places  to  check  baggage,  send  tele- 
grams, or  make  telephone  calls,  a res- 
taurant, washrooms,  and  a newsstand. 
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Before  starting  its  trip,  this  plane  is  being  air-conditioned  by  the  red  truck.  The  truck 
carries  air-conditioning  equipment  from  plane  to  plane  in  the  airport. 


A blackboard  on  one  wall  shows  when 
planes  are  expected  to  arrive  and 
leave.  At  a counter,  a clerk  looks  at 
your  ticket  to  make  sure  that  it  is  all 
right.  He  also  weighs  your  suitcase. 
Every  pound  over  a certain  amount 
costs  extra  on  an  airplane. 

From  a loud-speaker  you  hear, 
“Flight  Eight,  departing  for  New 
York,  now  loading.  All  aboard, 
please!” 

You  go  out  of  the  building  and 
down  a covered  passage.  There  on 
the  runway  is  a big  monoplane  with 
four  engines  and  four  propellers. 
Sacks  of  air  mail  are  being  loaded  into 
a space  under  the  pilot’s  cabin  in  the 
nose  of  the  plane.  Meanwhile,  your 
suitcase  and  other  pieces  of  baggage 
are  being  put  in  another  space  near 
the  tail.  A set  of  steps  has  been  rolled 


up  against  a door  in  the  side  of  the 
plane. 

Climbing  the  steps,  you  go  into  the 
passenger  cabin.  There  are  seats  on 
either  side  of  an  aisle.  A young  woman 
looks  at  your  ticket  and  shows  you 
where  your  seat  is.  She  is  the  stew- 
ardess, or  hostess.  Her  job  is  to  take 
care  of  the  passengers,  serve  the 
meals,  and  answer  questions. 

Soon  people  are  sitting  in  all  the 
seats.  The  pilot,  or  captain,  and  the 
co-pilot,  or  first  officer,  come  into  the 
passenger  cabin.  They  go  up  the  aisle 
and  through  a door  into  their  cabin 
in  the  nose  of  the  plane.  Each  one  has 
a separate  seat  with  a complete  set  of 
controls.  In  front  of  the  two  seats  are 
over  200  instruments  to  watch.  The 
cabin  also  contains  a radio  transmit- 
ter and  several  radio  receivers.  Need- 
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The  pilot  and  the  co-pilot  are  ready  to  take  off. 


less  to  say,  the  pilot  and  co-pilot  have 
plenty  to  do  while  the  plane  is  in  the 
air.  Before  they  can  fly  a big  plane 
like  this  one,  they  must  have  at  least 
1200  hours  of  flying  experience.  They 
must  also  be  in  very  good  health. 

Now  the  door  of  the  passenger 
cabin  is  shut  tight,  and  the  steps  are 
rolled  away.  The  stewardess  tells  you 
and  the  other  passengers  to  fasten 
your  safety  belts.  They  will  keep  you 
from  being  jolted  out  of  your  seat  by 
a sudden  bump.  Safety  belts  are  used 
in  taking  off  or  landing  and  sometimes 
in  bad  weather. 

The  plane  is  ready  to  leave,  but 
many  things  have  happened  that  you 
did  not  see.  Mechanics  checked  the 
entire  plane  to  make  sure  that  every- 
thing was  in  good  working  order. 
Gasoline  and  oil  were  put  in  the  plane. 


So  was  water  for  drinking  and  wash- 
ing. There  is  a washroom  in  the  tail 
of  the  plane.  The  kitchen,  or  galley, 
is  also  in  the  tail.  It  has  been  well 
stocked  with  food.  You  will  eat  sup- 
per in  the  plane. 

The  pilot  and  co-pilot  have  been 
busy  making  a complete  flight  plan. 
This  plan  shows  the  exact  route  over 
which  the  plane  will  travel  and  the 
time  when  it  is  expected  to  fly  over 
certain  points.  This  information  is 
sent  to  airports  along  the  way,  so  that 
people  can  watch  for  the  plane. 

Because  bad  weather  is  still  the 
greatest  danger  in  flying,  the  very 
latest  weather  reports  have  been  care- 
fully read.  At  Chicago,  the  sky  is 
cloudless  and  the  air  is  clear.  The 
weather  report  says,  “Sky  clear, 
visibility  fifteen  miles  plus.”  Far- 
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These  dispatchers  in  the  control  tower  of  a large  airport  give  directions  to  all  airplanes 
that  land  or  take  off  from  the  air  field. 


ther  along  toward  New  York  City, 
there  are  a few  clouds  but  no  rain  or 
fog.  At  17,000  feet,  where  the  plane 
will  fly,  the  wind  is  blowing  from  the 
west  at  a speed  of  thirty  miles  an 
hour.  This  is  a tail  wind,  and  it  will 
help  the  plane  as  it  speeds  east.  A 
head  wind,  or  one  blowing  in  the  op- 
posite direction,  would  hold  the  plane 
back  somewhat.  As  the  plane  flies 
along,  more  weather  reports  will  come 
in  by  radio.  If  the  weather  gets  bad, 
the  flight  plan  can  be  changed. 

Once  in  their  seats,  the  pilot  and 
co-pilot  give  the  controls  one  last 
check.  Then  they  signal  to  the  me- 
chanics that  everything  is  all  right. 
The  pilot  looks  at  the  wind  direction 
indicator.  This  indicator  shows  the 
direction  of  the  wind  over  the  ground. 


The  concrete  runways,  each  about  a 
mile  long,  are  arranged  like  the 
spokes  of  a wheel.  The  controller  tells 
the  pilot  what  runway  he  can  use  so 
that  he  can  take  off  into  the  wind. 
Then  he  releases  the  brakes  that  keep 
the  landing  wheels  from  turning.  The 
plane  taxies  to  the  end  of  the  runway 
and  swings  around  into  the  wind. 

Here  the  plane  waits.  It  cannot  take 
off  until  the  controller  or  dispatcher 
in  the  control  tower  says  so.  The  con- 
troller is  the  traffic  “cop”  of  the  air- 
port. From  the  control  tower,  he  can 
see  all  the  runways.  He  is  in  touch  by 
radio  with  all  planes  on  the  ground  of 
in  the  air  near  the  airport.  To  prevent 
accidents,  no  plane  is  allowed  to  land 
or  take  off  unless  he  says  that  the 
runway  is  clear. 
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“Cleared  for  take-off!”  says  the  con- 
troller over  the  radio.  This  means  that 
the  pilot  can  take  off.  No  other  planes 
are  coming  in  or  going  out.  A loud 
roar  comes  from  the  engines,  and  the 
plane  trembles  as  the  pilot  opens  the 
throttle.  He  lowers  a set  of  wing  flaps 
between  the  ailerons  and  the  fuselage 
on  the  rear  edges  of  the  wings.  They 
give  the  plane  extra  lift  so  that  it  can 
take  off  with  a shorter  run  along  the 
ground. 

From  your  seat  by  the  window,  you 
can  see  the  ground  moving  swiftly 
backward.  The  plane  is  speeding 
down  the  runway.  Then  the  ground 
seems  to  drop  slowly  away.  The  plane 
is  in  the  air!  But  the  take-off  was  so 
smooth  that  you  did  not  even  notice  it. 

The  pilot  moves  a lever,  and  the 
wheels  of  the  landing  gear  are  pulled 
up  into  the  wings.  This  helps  to  re- 
duce the  drag,  or  backward  push  of 
air  on  the  plane.  Drag  cuts  down 
speed.  So  everything  is  done  to  keep 
drag  as  small  as  possible.  The  smooth 
surface  of  the  plane  helps  reduce  drag. 

Still  climbing,  the  plane  heads  east 
at  about  250  miles  an  hour.  When  it 
reaches  17,000  feet,  the  automatic  pi- 
lot is  connected.  This  is  a machine 
that  moves  the  controls  and  keeps  the 
plane  flying  in  the  direction  set  by  the 
pilot.  It  leaves  the  pilot  and  co-pilot 
free  to  watch  their  instruments  and 
keep  in  touch  with  radio  stations  on 
the  ground. 

At  17,000  feet  above  the  earth,  the 
air  is  very  thin  and  cold.  The  tempera- 


ture has  fallen  more  than  sixty  de- 
grees! You  could  not  breathe  this  air 
comfortably  for  very  long.  So  the  air- 
tight cabin  is  supplied  with  warm  air 
such  as  you  breathe  on  the  ground. 
To  do  this,  two  superchargers  are 
used.  High  up  in  the  air,  more  than 
three  miles  above  the  earth,  the  plane 
can  go  faster  because  the  thinner  air 
causes  less  drag.  Then,  too,  at  this 
height,  the  plane  can  fly  above  much 
bad  weather  with  its  clouds,  fog,  ice, 
snow,  sleet,  and  rain. 

Next  to  fog,  ice  is  probably  the 
greatest  danger  to  flying.  In  one  min- 
ute, enough  ice  can  form  on  the 
wings,  tail,  and  propeller  blades  to 
make  a plane  lose  height  rapidly.  Of 
course,  the  ice  makes  the  plane 
heavier.  But  that  is  not  the  worst 
thing  it  does.  It  spoils  the  shape  of  the 
wings,  and  this  reduces  the  lift. 

To  keep  ice  from  piling  up,  the  front 
edges  of  the  wings  and  the  tail  have 
de-icers  made  of  rubber.  Air  pumped 
into  the  de-icers  makes  them  bulge 
and  crack  the  ice.  Then  the  ice  is 
blown  away  by  the  rush  of  air.  Some 
de-icers  are  heated  by  electric  cur- 
rent. A liquid  that  is  sprayed  on  the 
propeller  blades  keeps  them  free  of 
ice. 

Now  the  stewardess  is  serving 
your  supper  on  a tray.  You  notice 
that  it  is  getting  dark  outside.  Soon 
you  can  no  longer  see  the  ground. 
Far  below,  there  are  only  the  lights 
of  cities  and  towns.  The  pilot  turns 
on  the  running  lights.  These  are  a 
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The  picture  on  the  left  shows  a beacon  tower.  Hanging  off  at  one  side  is  a wind  sock. 
A wind  sock  is  a hollow  canvas  tube  that  shows  which  way  the  wind  is  blowing.  The 
picture  on  the  right  shows  another  kind  of  wind  direction  indicator.  It  is  called  a wind 
tee  and  is  on  the  ground  at  the  airport.  It  turns  with  the  wind  like  a weather  vane  and 
at  night  it  is  lighted  so  that  it  can  be  seen  from  the  air. 


green  light  on  the  right  wing,  a red 
light  on  the  left  wing,  and  a white 
light  on  the  tail.  The  lights  help  pre- 
vent accidents  in  the  dark.  They  also 
show  which  way  a plane  is  heading. 

Are  you  wondering  how  the  plane 
can  fly  on  its  way  when  the  ground 
cannot  be  clearly  seen?  The  compass 
in  the  pilot’s  cabin  shows  the  direc- 
tion in  which  the  plane  is  heading. 
The  main  airways  are  marked  with 
light  beacons  about  ten  miles  apart. 
A beacon  is  usually  a high  steel  tower 
with  one  revolving  light  and  two 
fixed  lights.  The  fixed  lights  flash  a 
signal  in  code  every  ten  seconds.  The 
signal  gives  the  number  of  the  beacon. 
This  tells  the  pilot  where  his  plane  is. 
Other  light  beacons  mark  tall  chim- 


neys, electric  power  lines,  and  moun- 
tain tops. 

But  sometimes  the  light  beacons  are 
hidden  by  clouds  or  fog.  Then  the 
pilot  must  depend  on  the  radio  beam 
along  the  airway.  On  one  side  of  the 
beam,  he  hears  the  code  signal  for 
A ( • -) . On  the  other  side,  he  hears 
the  code  signal  for  N (-  • ) . When 
a plane  is  right  on  the  beam,  a steady 
hum  is  heard.  If  the  plane  gets  off 
the  beam,  the  pilot  hears  the  code 
signal  for  A or  N.  Over  an  airport, 
there  is  either  no  sound  or  the  code 
signal  for  Z ( — • • ) . By  listening  to 
the  radio  signals,  a pilot  can  tell 
where  his  plane  is  at  all  times. 

Now  as  you  look  down,  you  can  see 
the  bright  glow  of  New  York  City. 
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The  stewardess  tells  you  to  fasten 
your  safety  belt  again.  The  plane  is 
gliding  down  toward  the  airport.  You 
can  see  the  lights  that  mark  the  run- 
ways. The  plane  circles  around  the 
airport  until  the  pilot  gets  the  all-clear 
signal  from  the  dispatcher  in  the  con- 
trol tower.  Then  he  lowers  the  landing 
wheels  and  turns  on  the  landing 
lights  in  the  front  edges  of  the  wings. 
The  plane  is  now  heading  into  the 
wind  toward  a runway. 

As  the  plane  nears  the  ground,  the 
pilot  lowers  the  wing  flaps  again. 


These  act  as  a brake  on  the  air  and 
slow  the  plane  down.  The  landing 
wheels  and  the  tail  settle  down  on  the 
runway  with  hardly  a bump.  As  the 
plane  rolls  along,  the  pilot  puts  on  the 
wheel  brakes  very  gently.  Slowing 
down  all  the  time,  the  plane  taxies  up 
to  the  administration  building  and 
stops.  The  steps  are  rolled  up  to  the 
plane,  and  the  cabin  door  is  opened. 

You  are  in  New  York!  In  about 
three  hours,  you  have  traveled  over 
700  miles.  On  a train  this  trip  would 
take  five  or  six  times  as  long. 


1.  Make  a list  of  the  things  that  are  done  before  a plane  takes  off  on 

a long  trip.  Then  explain  why  each  one  is  important. 

2.  Why  do  pilots  need  the  very  latest  weather  reports? 

3.  What  things  are  done  to  make  airplane  trips  safe  and  comfortable? 

4.  Tell  what  you  have  learned  about  each  of  these. 

Wind  direction  indicator  Dispatcher  or  controller  Drag 
Light  beacon  Radio  beam  Wing  flaps  Control  tower 
Head  wind  Tail  wind  De-icer  Running  lights 


QUESTIONS  TO  ANSWER 


1.  Why  are  airplanes  now  used  more 
than  balloons? 

2.  List  the  main  parts  of  an  airplane 
and  then  tell  what  each  part  does. 

3.  What  is  still  the  greatest  danger 
in  airplane  travel?  Explain  your  an- 
swer. 

4.  Look  at  the  picture  on  page  215. 
Why  are  these  children  running  with 
their  kites?  Explain  what  makes  a kite 
go  up  into  the  air  and  what  makes  it 
stay  there. 


5.  How  is  an  airplane  like  a bird? 
How  is  it  different  from  a bird? 

6.  Many  people  think  that  helicop- 
ters will  someday  be  the  commonest 
kind  of  airplane.  Why  do  you  suppose 
they  think  so? 

7.  What  advantages  does  airplane 
travel  have  over  travel  by  train  or 
boat?  What  are  some  disadvantages  of 
airplane  travel? 

8.  Why  are  airplanes  built  from 
light  but  strong  materials? 
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THINGS  TO  DO 


1.  Collect  pictures  of  different  kinds 
of  airplanes  and  bring  them  to  school. 
Tell  your  class  what  you  have  learned 
about  each  kind. 

2.  Make  a model  airplane  or  a 
glider.  Use  your  model  to  show  some 
of  the  things  that  you  have  learned. 

3.  Look  in  newspapers  and  maga- 
zines to  find  some  of  the  latest  develop- 
ments in  airplanes.  Then  make  a re- 
port to  your  class. 

4.  Use  an  electric  fan  and  a small 
toy  wagon  to  show  how  an  airplane 
propeller  drives  an  airplane.  Set  the 
fan  in  the  wagon  so  that  the  blades  are 
toward  the  rear.  Turn  on  the  fan  and 
watch  what  happens. 

5.  Make  a toy  parachute.  Tie  sev- 
eral strings  around  the  edges  of  a circle 
of  cloth  about  one  foot  across.  Fasten 
the  strings  to  a light  weight.  Throw 
the  weight  high  into  the  air  and  watch 
what  happens. 

6.  Get  a map  that  shows  the  main 
airways  in  our  country.  Is  your  city  or 
town  near  one  of  these  airways? 

7.  Read  John  Townsend  Trow- 
bridge’s poem,  Darius  Green  and  His 
Flying  Machine. 


8.  If  you  live  near  an  air  field  or  an 
airport,  perhaps  you  can  visit  it.  Then 
you  may  want  to  make  a model  of  an 
air  field  or  an  airport.  You  can  show 
this  to  your  class. 

9.  Read  about  the  Montgolfier 
brothers  and  the  first  balloons. 

10.  Find  out  how  high  airplanes 
have  flown.  Also  find  out  how  far  they 
have  flown  without  stopping. 

11.  Read  more  about  the  Wright 
brothers.  Also  read  about  Samuel 
Langley,  Octave  Chanute,  and  others 
who  worked  with  the  first  flying  ma- 
chines. 

12.  Find  out  how  Admiral  Byrd  and 
Roald  Amundsen  used  aircraft  to  ex- 
plore the  polar  regions.  Make  a report 
to  your  class. 

13.  Write  a story  about  an  imagi- 
nary trip  across  our  country  in  an  air- 
plane. Tell  what  the  pilots  do,  how  they 
use  their  instruments,  what  the  weather 
reports  tell  them,  and  any  other  inter- 
esting things  you  can  think  of. 

14.  Learn  about  airships  or  dirig- 
ibles. Find  out  what  happened  to  the 
Shenandoah,  Macon,  Akron,  and  Hin- 
denhurg. 
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* In  Unit  Nine  You  Will  Learn  * 


* What  the  parts  of  a flower  are  * How  flowers  make  seeds  * 
* How  new  plants  are  made  from  parts  of  plants  * 
* How  plants  without  flowers  make  new  plants  * 
* Where  new  animals  come  from  * 
How  animals  take  care  of  their  young  * 

* Why  the  earth  is  not  overrun 
with  plants  and  animals  * 

* Why  we  should  help  conserve 
living  things  * 


Where  Do  New  Plants  and  Animals  Come  From? 


Along  time  ago,  people  had  queer 
ideas  about  where  new  plants 
and  animals  come  from.  You  will 
probably  laugh  at  some  of  their  ideas. 
They  thought  that  frogs  and  toads 
were  made  from  mud  at  the  bottom 
of  creeks  and  ponds.  They  believed 
that  insects  came  from  the  dew  on 
leaves.  They  even  thought  that  mice 
were  made  from  piles  of  old  rags  and 
that  fish  were  made  from  water! 

Why  do  you  suppose  that  people 
had  such  queer  ideas?  They  believed 
these  things  because  they  did  not 
know  much  about  living  things.  These 
people  had  no  microscopes.  So  they 
never  saw  some  of  the  things  that 
anyone  can  see  today.  People  of  those 
times  did  not  do  experiments,  either. 
They  just  guessed  at  things,  and  they 
never  really  tried  to  find  out  whether 
their  guesses  were  correct. 

When  scientists  began  to  study  liv- 
ing things,  they  soon  found  out  how 
foolish  some  of  the  old  ideas  were. 
They  studied  the  structure  of  plants 


and  animals,  and  they  did  experi- 
ments to  see  if  they  could  discover 
how  new  plants  and  animals  are  made. 
Here  is  the  important  thing  that  sci- 
entists discovered.  Every  living  thing 
comes  from  some  other  living  thing. 

Living  things  cannot  come  from 
non-living  things.  Frogs  and  toads 
cannot  grow  from  mud.  Insects  can- 
not grow  from  dew.  And  mice  cannot 
grow  from  old  rags,  nor  can  fish  grow 
from  water.  Whenever  a new  plant  or 
animal  starts  growing,  some  part  of 
a living  thing  has  started  it  growing. 

Suppose  that  you  get  a shovel  full 
of  soil  from  the  woods.  Put  it  in  a box 
in  your  schoolroom  window  and  keep 
the  soil  moist.  You  may  be  surprised 
to  see  what  happens.  Some  boys  and 
girls  in  one  class  did  this.  After  about 
a week  had  gone  by,  some  green 
plants  began  to  grow  up  from  the  soil. 
Do  you  know  where  they  came  from? 
In  this  unit,  you  will  learn  the  answer 
to  this  question.  You  will  also  learn 
where  other  living  things  come  from. 
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What  are  the  parts  of  a flower? 


We  grow  flowers  in  our  gar- 
dens just  because  flowers  are 
beautiful,  and  we  all  enjoy  looking  at 
them.  But  flowers  are  important  not 
only  because  they  help  make  our 
world  beautiful.  They  are  more  im- 
portant to  us  and  to  plants  for  a very 
different  reason.  Flowers  make  the 
seeds  from  which  more  plants  of  the 
same  kind  will  grow. 

Before  you  can  understand  how  a 
flower  makes  seeds,  you  need  to  learn 
what  parts  a flower  has  and  what 
these  parts  do.  Look  at  the  pictures 
of  the  apple  blossoms  and  the  tulip  on 
this  page.  Study  these  flowers  to  find 
the  different  parts. 

Probably  the  first  thing  that  you 
notice  is  the  pink  and  white  portion  of 
the  apple  flower.  This  is  made  of  sev- 
eral parts,  as  you  can  see.  Each  of 
these  parts  is  called  a petal.  The  petals 
of  flowers  usually  have  bright  colors. 


Now  look  at  the  petals  of  several  other 
flowers.  You  can  find  red,  yellow, 
blue,  purple,  and  orange  petals.  Some 
have  more  than  one  color. 

Notice  the  thin,  green  parts  on  the 
outside  of  the  bud  in  the  picture. 
These  parts  look  like  small  leaves. 
Each  of  these  parts  is  called  a sepal. 
When  a flower  is  still  a tight  bud,  the 
sepals  cover  the  petals  snugly.  As  the 
bud  swells  and  opens,  the  sepals  sep- 
arate and  then  fold  back.  They  have 
protected  the  colored  petals  and  the 
other  parts  inside  until  the  flower 
opened.  Sepals  are  usually  green.  But 
some  flowers,  such  as  tulips,  have 
sepals  with  different  colors. 

The  petals  and  the  sepals  seem  im- 
portant to  us,  because  they  make  the 
flower  beautiful.  But  the  small  parts 
inside  the  petals  are  far  more  impor- 
tant to  the  flower.  In  the  center  of 
most  flowers,  you  can  see  a little  stalk. 
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This  is  called  the  pistil.  Around  the 
pistil  is  a circle  of  little  slender  parts. 
These  are  called  stamens.  Find  the 
stamens  and  the  pistil  in  the  picture 
of  the  tulip. 

Some  flowers  have  only  one  pistil, 
but  others  have  more  than  one.  In 
some  flowers,  the  stamens  are  longer 
than  the  pistil.  In  others,  they  are 
shorter.  Many  of  the  flowers  you 
know  have  all  four  parts— petals,  se- 
pals, pistils,  and  stamens.  But  some 
flowers  have  pistils  and  no  stamens. 
Others  have  stamens  and  no  pistils. 

Look  at  as  many  different  spring 
flowers  as  you  can.  Find  out  whether 
they  have  petals,  sepals,  pistils,  and 
stamens.  Right  now,  you  can  probably 
see  the  flowers  of  daffodils,  hyacinths, 
lilies,  and  tulips.  You  can  also  see  the 
blossoms  on  apple,  cherry,  peach,  and 
pear  trees.  Choose  some  one  flower 
and  look  at  the  pistil  and  the  stamens 
very  carefully. 


If  you  rub  your  finger  over  the 
stamens,  you  will  find  something  that 
looks  like  yellow  dust.  This  is  called 
pollen,  as  you  have  learned.  It  is  very 
important  in  making  seeds.  If  you 
can  look  at  some  pollen  with  a micro- 
scope, you  will  see  that  it  is  made  of 
tiny  grains.  You  will  also  find  that 
these  grains  have  many  different 
shapes.  Pollen  of  one  kind  of  flower 
is  shaped  differently  from  pollen  of 
another  kind  of  flower.  The  picture 
on  the  next  page  shows  how  the  pollen 
grains  of  the  sunflower  look  under  a 
microscope.  Other  pollen  grains  may 
be  round. 

Flowers  cannot  make  seeds  without 
pollen  grains.  The  pollen  grains  must 
land  on  the  top  of  the  pistil.  This  part 
of  the  pistil  is  called  the  stigma . If  you 
touch  the  stigma  of  a flower,  you  will 
find  that  it  feels  sticky.  The  sticky 
stigma  helps  the  flower  get  pollen  to 
make  seeds. 
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Pollen  gets  from  the  stamens  to  the 
stigma  in  several  ways.  In  some  flow- 
ers, the  stamens  bend  over  and  touch 
the  stigma.  In  others,  the  stamens  are 
taller  than  the  pistil.  So  the  pollen 
grains  fall  on  the  stigma.  Wind  also 
carries  pollen  from  one  plant  to  an- 
other. Of  course,  many  of  the  pollen 
grains  fall  to  the  ground.  But  some  of 
them  are  blown  against  the  sticky 
stigma  of  the  pistil  in  another  flower. 

You  have  probably  seen  bees  and 
other  insects  flying  from  flower  to 
flower.  They  crawl  into  the  flowers 
to  get  nectar  and  pollen.  As  they  do 
this,  some  of  the  pollen  sticks  to  their 
bodies.  Pollen  grains  picked  up  in 


one  flower  are  brushed  off  on  the 
stigma  of  another  flower.  The  picture 
of  the  bee  on  this  page  shows  how 
pollen  sticks  to  the  hairs  on  bees.  The 
bees  carry  it  from  flower  to  flower. 
Carrying  pollen  in  this  way  is  the  most 
helpful  thing  that  insects  do. 

Many  flowers  will  make  better 
seeds  if  the  pollen  comes  from  another 
flower  of  the  same  kind.  Pollen  grains 
from  a rose  will  not  make  geranium 
seeds  if  they  are  carried  to  the  stigma 
of  a geranium  flower.  To  make  seeds, 
a flower  must  get  its  own  kind  of 
pollen.  But  pollen  grains  from  one 
rose  will  make  good  seeds  if  they 
fall  on  the  stigma  of  another  rose. 


1.  What  are  the  main  parts  of  a flower? 

2.  How  do  sepals  help  flowers? 

3.  How  does  pollen  get  from  the  stamens  to  the  pistil  of  the  same 

flower? 

4.  How  does  pollen  get  from  one  flower  to  another? 

5.  Why  is  it  important  for  flowers  to  make  seeds? 


244  UNIT  NINE 


How  do  flowers  make  seeds? 


Now  that  you  know  what  the 
structure  of  a flower  is,  you  can 
understand  how  flowers  make  seeds. 
You  cannot  watch  what  is  going  on  in- 
side the  millions  of  flowers  each  spring 
and  summer  as  they  make  the  seeds 
for  next  year’s  plants.  But  you  can 
learn  some  of  the  things  that  scien- 
tists have  discovered  about  how 
flowers  make  seeds. 

Soon  after  a pollen  grain  lands  on 
the  sticky  stigma,  the  grain  begins  to 
grow.  But  it  does  not  get  bigger 
around  like  an  apple  or  an  orange. 
It  grows  by  sending  out  a tiny  tube. 
This  tube  pushes  its  way  down  into 
the  pistil.  It  keeps  on  growing  and 
pushing  until  it  gets  to  the  bottom. 
In  the  bottom  of  the  pistil  are  one 
or  more  tiny  sacks.  These  sacks 
are  much  too  small  for  you  to  see 
without  a microscope.  Look  at  the 
picture  on  this  page.  You  can  see  that 


the  pollen  tube  has  grown  into  the 
bottom  of  the  pistil. 

In  each  sack  at  the  bottom  of  the 
pistil,  there  is  a tiny  egg!  Probably 
you  did  not  know  that  plants  have 
eggs,  but  they  do.  The  egg  can  grow 
into  a new  plant,  just  as  a hen’s  egg 
can  grow  into  a new  chicken.  But  the 
plant  eggs  cannot  grow  into  new 
plants  without  the  help  of  pollen 
grains.  When  part  of  a pollen  grain 
joins  with  the  egg,  the  egg  begins  to 
make  a new  plant. 

Before  you  can  understand  how 
this  happens,  you  need  to  remember 
something  important  about  all  living 
things.  Every  living  thing  is  made  of 
cells.  Your  body  is  made  of  billions 
of  cells.  They  are  like  tiny  building 
blocks  that  are  all  put  together  to 
make  your  body.  If  you  have  a micro- 
scope, you  can  look  at  different  parts 
of  living  things  and  see  some  cells. 
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Get  a piece  of  thin  skin  from  an 
onion.  Look  at  it  through  a micro- 
scope. Can  you  see  the  cells  in  the 
onion  skin?  Then  try  to  get  some 
green  threadlike  plants  that  float  in 
water.  Look  at  them  with  the  micro- 
scope, too.  Do  the  things  you  see  look 
like  those  in  the  pictures  on  this  page? 
Can  you  find  the  tiny  cells  in  the 
water  plants? 

What  you  know  about  cells  will 
help  you  understand  how  a seed  is 
made.  Inside  the  pollen  grain  are  sev- 
eral cells.  And  inside  the  tiny  sack 
at  the  bottom  of  the  pistil,  there  are 
also  several  cells.  One  of  the  cells  in 
this  sack  is  the  egg.  A cell  from  the 
pollen  grain  joins  with  the  egg  cell. 
When  these  two  cells  join,  a new  cell 
is  made. 

The  new  cell  begins  to  grow.  At 
first,  it  just  gets  bigger.  Then  after  it 
gets  to  a certain  size,  it  divides  and 
makes  two  cells.  These  two  cells  grow 
bigger  for  a while.  Then  they  divide 
to  make  four  cells.  These  cells  keep 
on  growing  and  dividing  to  make 
more  new  cells.  These  new  cells  make 
the  tiny  new  plant. 

The  tiny  plant  is  growing  inside  the 
little  sack  that  held  the  egg.  Around 
this  plant,  the  other  cells  in  the  sack 
are  also  growing  and  dividing.  Some 
of  these  cells  make  the  food  that  is 
stored  around  the  young  plant.  Other 
cells  make  a covering  for  the  plant 
and  its  food.  This  covering  is  called 
the  seed  coat.  It  protects  the  young 
plant  and  its  food. 
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The  little  sack  with  its  egg  has  be- 
come a seed.  The  seed  has  these  three 
parts. 

1.  The  tiny  new  plant. 

2.  The  food  stored  around  the 
plant. 

3.  The  seed  coat  that  protects  the 
plant  and  its  food. 

Most  flowers  make  more  than  just 
one  seed.  Some  of  them  make  a great 
many  seeds.  Where  do  you  find  the 
seeds?  If  you  are  looking  for  the  seeds 
of  a bean  plant,  you  pick  the  pod  and 
open  it.  The  seeds,  or  beans,  are  in- 
side the  pod.  When  you  cut  into  an 
orange  or  an  apple,  you  find  the  seeds 
inside. 

Scientists  have  a name  for  the  part 
of  any  plant  that  contains  the  seeds. 
They  call  this  part  the  fruit.  The  fruit 
is  the  lower  part  of  the  pistil  that  gets 
bigger  while  the  seeds  are  being  made 
inside  it.  You  know  that  apples, 
oranges,  cherries,  and  peaches  have 
seeds.  So,  of  course,  they  are  fruits. 

But  you  may  be  surprised  to  learn 
that  tomatoes,  cucumbers,  pumpkins, 
and  bean  pods  are  also  fruits.  They 
have  seeds  in  them.  So  scientists  call 
them  fruits,  too.  Look  at  the  pictures 
on  this  page.  You  will  see  some  of  the 
different  kinds  of  fruits.  Each  fruit 
contains  seeds  that  will  grow  into  new 
plants.  And  each  new  plant  will  make 
seeds  and  fruits,  too. 

If  you  have  ever  made  a garden, 
you  have  watched  seeds  grow  into 
new  plants.  You  plant  a seed  in  the 
soil.  After  it  is  moistened  by  the  rain 
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and  warmed  by  the  sun,  the  seed 
sprouts.  The  tiny  plant  in  the  seed 
begins  to  grow.  It  grows  by  making 
millions  of  new  cells.  At  first,  it  uses 
the  food  that  is  stored  in  the  seed.  It 
sends  down  roots,  and  it  pushes  its 
stem  up  through  the  soil.  When  the 
stem  gets  aboveground,  leaves  un- 
fold. Then  the  green  leaves  begin  to 
make  the  food  that  the  plant  needs. 
The  plant  keeps  on  growing.  At  last, 
it  is  a big  plant  like  the  one  that  it 
came  from.  It  has  flowers.  So  it  can 
make  seeds  and  fruits,  too. 

Some  plants,  such  as  trees,  keep  on 
growing  and  making  seeds  for  many 
years.  Many  trees  are  hundreds  of 
years  old.  You  have  probably  seen 
pictures  of  the  huge  trees  that  grow 
in  California.  Some  of  these  giant 
trees  began  to  grow  nearly  4000  years 
ago.  But  most  plants  do  not  live  so 
long  as  trees  do.  If  you  have  ever 
made  a flower  garden,  you  know  that 
some  plants  live  only  a year.  These 
plants  are  called  annuals.  An  annual 


plant  has  flowers  and  makes  seeds. 
Then  it  dies  during  the  winter.  Pe- 
tunias, California  poppies,  zinnias, 
sunflowers,  marigolds,  and  verbenas 
are  annual  plants. 

There  are  also  plants  that  live  two 
years  and  then  die.  During  the  first 
year,  they  grow  roots,  stems,  and 
leaves  but  no  flowers.  During  the  sec- 
ond year,  they  have  flowers  and  make 
seeds.  Then  they  die.  Plants  that  do 
this  are  called  biennials.  Some  bien- 
nial plants  are  Canterbury  bells,  Eng- 
lish daisies,  forget-me-nots,  foxgloves, 
hollyhocks,  cabbages,  turnips,  and 
beets. 

Plants  that  live  for  more  than  two 
years  are  called  perennials.  Of  course, 
trees  and  shrubs  are  perennials. 
Perennial  plants,  except  trees  and 
shrubs,  die  down  to  the  ground  dur- 
ing the  winter.  Then  in  the  spring, 
they  start  to  grow  again.  Perennials 
are  often  planted  in  flower  gardens, 
because  they  last  for  many  years. 
Some  of  the  common  perennials  are 


A nasturtium  plant  comes  up  from  a seed,  grows,  makes  flowers  and  seeds,  and  dies 
in  one  year.  What  kind  of  plant  is  it? 


I 


1.  Here  are  some  of  the  things  that  happen  when  a flower  makes  a 

seed,  hut  they  are  not  in  the  order  in  which  they  happen.  See  if 
you  can  put  them  in  the  right  order, 
a)  A pollen  grain  lands  on  the  stigma, 
h ) The  flower  makes  pollen. 

c ) The  pollen  grain  begins  to  grow  a tiny  tube. 

d)  The  seed  is  fully  grown. 

e)  The  pollen  tube^  reaches  the  egg. 

f)  A cell  in  the  pollen  grain  joins  with  a cell  in  the  egg. 

g ) The  new  cell  grows  and  divides  to  make  more  cells. 

2.  What  are  the  three  parts  of  a seed?  What  does  each  part  do? 

3.  How  do  scientists  use  the  word  fruit?  Give  some  examples  to 

show  that  you  understand  this  use  of  the  word. 

4.  What  do  we  call  plants  that  live  only  a year?  Only  two  years? 

More  than  two  years?  Give  an  example  of  each  kind  of  plant. 


SECOND 

WINTER 


, 


FIRST 

WINTER 


SECOND 

SUMMER 


SUMMER 


Look  carefully  at  this  picture.  What  kind  of  plant  is  a carrot? 
narcissus,  tulip,  iris,  phlox,  primrose,  are  perennials.  If  a lawn  is  well  cared 


delphinium,  and  bleeding  heart.  Most 
kinds  of  grasses  that  we  use  for  lawns 


for,  the  grass  will  grow  for  many 
years. 


NEW  LIVING  THINGS  249 


How  are  new  plants  made  from  parts  of  plants? 


Suppose  that  yon  have  a plant  and 
want  to  grow  a new  plant  from  it. 
But  you  do  not  want  to  wait  until  the 
plant  has  flowers  and  makes  seeds. 
How  can  you  get  a new  plant?  That 
depends  on  what  kind  of  plant  it  is. 
If  the  plant  is  a geranium  or  an  ivy, 
you  can  grow  a new  plant  from  a 
cutting.  A cutting  is  a piece  of  a plant 
that  will  grow  into  a new  plant.  It  is 


usually  a piece  of  the  stem.  Gera- 
niums, ivy,  and  many  other  plants 
will  grow  from  cuttings. 

If  you  follow  these  directions  care- 
fully, you  can  grow  an  ivy  plant  from 
a cutting.  Use  a sharp  knife  to  cut  a 
piece  of  stem  from  a growing  ivy 
plant.  The  piece  should  have  two 
joints,  one  near  the  top  and  the  other 
near  the  bottom.  Plant  the  ivy  cut- 
ting in  sand  so  that  the  lower  joint 
is  covered.  Set  the  cutting  in  a light 
place  but  not  in  the  sun.  Keep  the 
sand  moist.  It  may  take  several  weeks 
for  the  new  leaves  and  roots  to  start 
growing.  If  you  put  the  cutting  in 
water  instead  of  sand,  you  can  watch 
the  roots  begin  to  grow. 

When  the  new  leaves  and  roots  are 
growing  well,  plant  the  cutting  in  a 
pot  of  soil.  You  will  soon  have  a good- 
sized  ivy  plant  that  grew  from  a piece 
of  the  stem  from  another  ivy  plant. 
You  can  also  make  cuttings  from 
other  plants  and  grow  them.  Try  cut- 
tings from  geraniums,  grapevines, 
willows,  and  poplars.  Put  them  in 
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moist  sand  or  water  as  you  did  the 
ivy  cutting. 

Some  plants  send  out  stems  that 
grow  along  the  ground.  These  stems 
are  called  runners.  When  a runner 
touches  moist  soil,  it  may  send  roots 
down  into  the  soil  at  certain  places. 
As  the  roots  grow  down  into  the  soil, 
new  stems  and  leaves  grow  up  into 
the  air.  Soon  a new  plant  is  made. 
The  picture  at  the  bottom  of  page  250 
shows  a strawberry  plant  that  makes 
new  plants  in  this  way. 

The  vegetable  that  we  call  a white 
potato  is  really  a thick  stem  that 
grows  under  the  ground.  Do  you  see 
the  “eyes”  in  the  picture  of  a potato 
on  this  page?  The  eyes  are  really  buds 
on  the  stem.  The  inside  of  the  potato 
has  food  for  the  buds  to  use  when 
they  begin  to  grow.  We  use  this  food, 
too.  The  potato  in  the  picture  has 
been  cut  into  pieces  for  planting.  Each 
piece  has  an  eye,  or  bud,  and  enough 
food  to  start  it  growing. 

Do  this  experiment  to  find  out  how 
potatoes  are  grown.  Put  a white  po- 
tato in  a jar  of  water.  Only  one  end 
should  be  covered  with  water.  Watch 


the  potato  for  a few  weeks.  What  hap- 
pens at  the  eyes  of  the  potato?  Why 
is  the  potato  shriveling  and  getting 
smaller? 

The  picture  below  shows  another 
way  that  plants  make  new  plants  from 
stems.  Quack  grass  sends  out  stems 
under  the  ground.  New  plants  grow 
from  these  stems.  Even  if  the  stems 
break  off  from  the  plant,  new  plants 
will  grow  from  them.  Some  of  the 
weeds  that  cause  the  most  trouble  in 
gardens  and  on  farms  make  new 
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One  begonia  leaf  can  make  several  new  plants  if  cuttings  are  made  in  this  way.  The 
layers  around  the  bud  in  an  onion  bulb  are  really  leaves  called  scales. 


plants  in  this  way.  Unless  the  stems 
are  pulled  out  of  the  ground,  they  will 
keep  on  making  new  plants. 

New  quack-grass  plants  will  grow 
from  roots,  too.  You  can  see  why  it 
is  hard  to  get  rid  of  plants  like  this 
weed.  Many  other  plants  will  also 
grow  from  roots.  Sometimes  the  stems 
of  raspberry  bushes  or  barberry 
bushes  are  cut  down  to  the  ground. 
Then  the  roots  make  buds  and  send 
up  new  stems.  People  who  grow  some 
kinds  of  roses,  raspberries,  and  black- 
berries get  new  plants  from  the  roots. 
They  cut  the  roots  into  small  pieces 
and  plant  them.  The  pieces  are  called 
root  cuttings.  After  a while,  the  root 
cuttings  make  buds  and  send  up 
stems.  Phlox  and  oriental  poppy 
plants  can  be  grown  from  root  cut- 
tings, too. 

Even  the  leaves  of  some  plants  can 
make  new  plants.  Get  a leaf  from  a 
begonia  plant.  Make  a cut  across  each 


of  the  big  veins  of  the  leaf  and  lay  it 
on  moist  sand.  Cover  the  edges  of  the 
leaf  with  sand  and  keep  the  sand 
moist.  The  leaf  will  soon  begin  to 
send  tiny  roots  into  the  sand.  If  the 
leaf  is  left  on  the  sand,  tiny  stems  will 
also  come  up  from  the  edges  of  the 
cuts  in  the  leaf. 

Sometimes  a new  plant  grows  from 
what  is  called  a bulb.  This  bulb  is 
really  a bud  that  grows  under  the 
ground.  You  can  look  at  a bulb  to 
see  how  a new  plant  can  grow  from 
it.  Get  an  onion  bulb  and  cut  it  in 
two.  In  the  center  of  the  bulb,  you 
can  see  a tightly  folded  little  bud. 
Notice  the  many  layers  that  are 
around  the  bud.  They  are  stored 
food  that  the  bud  uses  to  help  it  grow 
into  a new  plant.  Peel  off  several  of 
these  layers  and  look  at  them. 

Daffodils,  hyacinths,  lilies,  and  tu- 
lips are  grown  from  bulbs.  You  can 
plant  some  flower  bulbs  and  watch 
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them  grow.  Put  the  bulbs  in  a dish 
and  pour  pebbles  around  them.  Keep 
the  pebbles  moist.  Roots  will  grow 
down  around  the  pebbles,  and  stems 
and  leaves  will  grow  up  into  the  air. 


Soon  the  plants  will  have  flowers. 
You  will  probably  be  surprised  to  see 
how  fast  the  plants  grow  and  bloom. 
Many  early  spring  flowers  come  from 
bulbs. 


1.  Name  all  the  parts  of  a plant  that  can  grow  into  a new  plant. 

Then  give  an  example  of  a plant  that  grows  from  each  part 
you  have  named. 

2.  Why  are  weeds  like  quack  grass  hard  to  get  rid  of? 

3.  How  could  you  grow  a new  geranium  plant  without  planting 

seeds?  A new  blackberry  bush? 

4.  When  parts  of  a potato  are  planted,  why  must  each  part  have  at 

least  one  eye? 

5.  Do  all  stems  and  buds  grow  above  the  ground?  Explain  your 

answer. 


How  do  plants  without  flowers  make  new  plants? 


You  already  know  that  many 
kinds  of  plants  have  no  flowers. 
So,  of  course,  these  plants  cannot 
make  seeds.  Some  plants  have  no 
stems,  roots,  leaves,  or  bulbs,  either. 
They  must  make  new  plants  in  other 
ways.  You  have  learned  what  some 
of  these  ways  are. 

In  Unit  Four,  you  found  out  how 
bacteria  multiply  by  dividing.  Each  of 
these  very  tiny  plants  is  made  of  just 
one  cell.  To  make  more  bacteria,  the 
cell  grows  bigger  and  then  splits  into 
two  smaller  cells.  These  soon  grow  to 
full  size,  and  then  each  one  divides 
again.  This  goes  on  and  on,  and  it 
happens  very  quickly.  You  remember 
that  some  bacteria  grow  to  full  size 
and  divide  in  twenty  minutes.  Bacte- 


ria make  more  new  plants  in  a very 
simple  way. 

Besides  bacteria,  there  are  other 
kinds  of  very  tiny  plants.  Some  of 
these  plants  are  called  yeasts.  These 
plants  are  so  small  that  you  cannot 
see  them  with  the  naked  eye.  If  you 
look  at  a yeast  plant  with  a micro- 
scope, you  will  see  that  the  plant  has 
no  stem,  roots,  or  leaves.  It  is  made 
of  just  one  cell.  Of  course,  it  has  no 
flowers  or  seeds.  How  does  a yeast 
plant  make  new  yeast  plants? 

You  can  easily  grow  some  yeast 
plants.  A yeast  cake  has  thousands 
of  tiny  yeast  plants  in  it.  These  are 
mixed  with  flour  and  pressed  into  a 
cake.  The  plants  are  still  alive.  They 
will  start  growing  if  you  give  them 
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the  right  kind  of  food.  They  must  also 
be  kept  moist  and  warm.  Follow  the 
directions  carefully. 

Fill  a test  tube  or  a small  bottle 
about  three-fourths  full  of  warm 
water.  Crumble  a piece  of  yeast  cake 
into  the  water.  Then  add  a teaspoon- 
ful of  sugar  for  food.  Put  a cork 
lightly  in  the  tube  or  bottle.  Then 
shake  the  tube  or  bottle  until  the  yeast 
and  sugar  are  thoroughly  mixed.  Set 
it  in  a warm  place  for  a few  hours 
and  watch  to  see  what  happens.  Does 
the  cork  pop  out?  Can  you  see  bub- 
bles in  the  water?  These  bubbles  are 
carbon-dioxide  gas,  and  they  may 
push  the  cork  out.  When  yeast  grows, 
it  gives  off  carbon  dioxide. 

If  you  have  a microscope,  you  can 
watch  these  yeast  plants  grow.  Look 


at  the  picture  on  the  left.  Do  you 
see  little  swellings  on  some  of  the 
plants?  These  swellings  are  called 
buds.  The  buds  break  off  and  grow 
into  new  yeast  plants.  So  we  say  that 
yeast  makes  new  plants  by  budding. 
But  do  not  get  the  idea  that  the  buds 
on  yeast  plants  are  like  the  buds  on 
green  plants.  Flowers  or  stems  grow 
from  the  buds  of  green  plants.  But 
yeast  buds  are  just  little  bits  of  the 
plant  that  push  out,  break  off,  and 
then  grow  into  new  yeast  plants. 

Many  plants  without  flowers  make 
new  plants  in  still  another  way.  Ferns, 
mosses,  seaweeds,  molds,  and  mush- 
rooms have  no  flowers  or  seeds.  The 
new  plants  grow  from  spores.  To  find 
out  more  about  spores,  you  can  grow 
some  bread  mold. 

Moisten  a slice  of  bread  and  lay  it 
in  a dish.  Then  shake  a dusty  cloth 
over  the  bread.  Cover  the  bread  with 
another  dish  and  put  it  in  a warm 
place  for  a few  days.  What  happens? 
As  soon  as  the  mold  plants  are  grow- 
ing well,  look  at  them  carefully.  Use  a 
magnifying  glass  or  a microscope  if 
you  have  one.  You  will  see  that  hun- 
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dreds  of  tiny  threads  have  grown  over 
the  bread.  Notice  the  tiny  black  balls 
on  the  ends  of  some  of  these  threads. 
These  tiny  balls  are  called  spore  cases . 
They  hold  the  spores  that  can  grow 
into  new  bread-mold  plants.  The  pic- 
tures on  Page  254  show  you  what  the 
spore  cases  look  like. 

Touch  some  of  the  mold  and  then 
look  at  your  finger.  The  tiny  bits  that 
look  like  dust  are  really  large  num- 
bers of  spores.  When  you  touched  the 
mold,  some  of  the  spore  cases  burst 
open.  The  spores  stuck  to  your  finger. 
Now  blow  them  off.  They  are  so  small 
that  you  cannot  even  see  them  in  the 
air.  When  spore  cases  are  ripe,  they 
break  open.  Then  the  slightest  breeze 
will  carry  some  of  the  spores  away 
through  the  air.  Millions  of  spores 
float  away  in  the  air,  but  only  a few 
find  a good  place  to  grow. 

Spores  are  very  different  from 
seeds.  They  are  not  at  all  like  seeds 
on  the  inside.  But  spores  act  like 
seeds,  because  they  can  grow  into  new 


plants.  Probably  there  are  many 
spores  in  the  room  where  you  are 
right  now.  You  found  that  you  could 
easily  catch  some  spores  and  make 
them  grow.  You  did  not  even  know 
that  you  were  catching  them,  because 
they  were  so  small  that  you  could  not 
see  them. 

There  are  many  different  kinds  of 
molds.  Some  kinds  grow  on  fruit. 
Others  grow  on  vegetables.  Still 
others  grow  on  almost  anything  that 
is  damp.  There  are  blue  molds,  black 
molds,  red  molds,  and  green  molds. 
All  of  them  grow  from  spores.  They 
belong  to  a group  of  plants  called 
fungi.  Puffballs  and  other  mush- 
rooms belong  to  the  same  group. 

Mushrooms  grow  from  spores,  too. 
On  the  underside  of  some  mushrooms, 
there  are  little  folds.  Spores  grow  on 
these  folds.  When  the  spores  are  ripe, 
they  fall  to  the  ground.  Then  they 
grow  into  new  mushroom  plants,  just 
as  mold  spores  grow  into  new  mold 
plants. 


One  spore  is  too  tiny  to  see.  But  you  can  see  many  of  them  together  if  you  make  a spore 
print  as  suggested  on  the  next  page. 
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Perhaps  you  can  find  some  mush- 
rooms in  the  fields  or  woods.  Bring 
them  to  class  and  lay  them  care- 
fully on  a sheet  of  paper.  In  a few 
hours,  you  may  see  that  hundreds  of 
spores  have  dropped  from  the  mush- 
rooms onto  the  paper.  If  you  crush  a 
puffball,  you  will  see  many  spores. 

Did  you  ever  see  the  underside  of 
a fern  leaf?  There  are  rows  of  little 
yellow-brown  dots  on  it.  Some  people 


think  these  harm  the  plants.  So  they 
pick  off  the  dots,  which  are  really  lit- 
tle spore  cases.  Even  though  ferns  are 
green  plants,  they  do  not  have  seeds. 
They  have  spores  that  grow  in  the  lit- 
tle cases  on  the  underside  of  the 
leaves.  When  the  spores  fall  on  moist 
soil,  they  can  grow  into  new  fern 
plants.  Mosses  and  seaweeds  are  other 
kinds  of  green  plants  that  grow  from 
spores  instead  of  seeds. 


1.  What  is  a very  simple  way  in  which  new  living  things  are  made? 

2.  How  do  yeasts  make  new  plants  like  themselves? 

3.  How  is  a spore  like  a seed?  How  is  it  different  from  a seed? 

4.  Name  four  different  kinds  of  plants  that  grow  from  spores. 


Where  do  new  animals  come  from? 


Now  you  know  where  the  millions 
of  new  plants  come  from  each 
year.  There  are  several  different  ways 
in  which  new  plants  are  made.  But 
there  is  one  thing  that  is  the  same  in 
each  of  these  ways.  Whenever  a new 
plant  is  made,  some  part  of  an  old 
plant  is  used  to  make  it. 


Seeds,  stems,  roots,  leaves,  and 
bulbs  all  come  from  plants.  Spores 
are  made  by  plants,  too.  All  these 
things  can  grow  into  new  plants. 
Bacteria  and  yeasts  make  new  plants 
from  parts  of  themselves.  Every  plant 
comes  from  some  part  of  another 
plant  of  the  same  kind. 
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A female  spider  protects  her  eggs  with  a silken  case  like  the  one  in  the  picture  at  the 
left.  A bird  has  laid  her  eggs  in  this  nest  among  the  reeds. 


But  how  do  animals  make  more  of 
their  own  kind?  You  know  that  some 
animals  hatch  from  eggs  and  others 
are  born  alive.  But  they  are  all  like 
plants  in  one  way.  They  all  come  from 
some  other  living  thing.  Whenever  a 
new  animal  starts  growing,  part  of  a 
living  animal  has  been  used  to  start 
it  growing.  It  has  to  have  other  ani- 
mals of  the  same  kind  for  its  parents. 

You  remember  the  six  main  groups 
of  animals— mammals,  birds,  reptiles, 
amphibians,  fish,  and  insects.  Which 
of  these  hatch  from  eggs  laid  by  the 
mother?  And  which  are  born  alive? 
Of  course,  you  know  that  birds  come 
from  eggs.  After  the  female  bird  lays 
the  eggs  in  the  nest,  she  sits  on  them 
to  keep  them  warm.  Sometimes  the 


male  bird  and  the  female  bird  take 
turns  sitting  on  the  eggs. 

Surely  you  have  seen  a broken 
hen’s  egg.  You  know  that  inside  the 
shell  there  are  two  parts.  The  yellow 
part  in  the  middle  is  called  the  yolk. 
Around  the  yolk  is  the  white  part 
called  the  white  of  egg.  In  the  yolk 
of  the  egg  is  the  tiny  cell  that  will 
grow  into  a chicken.  This  cell  is  so 
small  that  you  cannot  see  it  without 
a microscope.  The  eggs  of  all  birds 
have  the  same  parts  as  a hen’s  egg. 

As  the  mother  bird  keeps  the  eggs 
warm,  the  tiny  cell  in  each  yolk  grows 
bigger  and  divides  into  two  cells.  Soon 
each  of  these  cells  divides,  and  then 
there  are  four  cells.  The  four  cells 
divide  to  make  eight  cells,  and  so  on. 
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This  goes  on  until  there  are  millions 
of  cells.  These  cells  are  all  joined  to- 
gether to  make  the  young  bird.  At 
last,  it  cracks  the  shell  and  comes  out. 
All  the  time  that  the  cells  are  dividing, 
they  are  using  the  yolk  of  the  egg 
for  food. 

Every  living  thing  begins  its  life 
as  one  little  cell.  It  grows  by  dividing 
into  more  and  more  cells.  The  picture 
on  this  page  shows  how  a frog’s  egg 
divides  into  two  cells,  then  four,  then 
eight,  and  so  on  until  a tiny  tadpole 
is  formed.  The  tadpole  keeps  on  grow- 
ing as  the  cells  in  its  body  go  on  di- 
viding. 

You  know  that  frogs  and  toads  be- 
long to  the  group  of  animals  called 
amphibians.  All  amphibians  hatch 
from  eggs.  The  mother  frog  and  the 
mother  toad  lay  hundreds  of  eggs  in 
the  water.  The  eggs  hatch  into  little 
tadpoles  that  do  not  look  at  all  like 
their  mother  or  father.  But  the  tad- 
poles grow  and  change.  At  last,  they 
are  little  frogs  or  toads  that  look  just 
like  their  parents. 

Insects  are  another  group  of  ani- 
mals that  hatch  from  eggs.  The  fe- 
male of  some  kinds  of  insects  lays 
hundreds  of  tiny  eggs  that  hatch  into 
little  wiggly  larvae.  A caterpillar  is 
the  larva  of  a butterfly  or  a moth.  It 


looks  more  like  a worm  than  it  does 
like  its  parents.  After  the  larva  has 
grown,  it  becomes  a pupa.  From  the 
pupa  comes  the  full-grown  insect. 

The  eggs  of  other  kinds  of  insects 
hatch  into  little  creatures  that  look 
much  like  their  parents  except  that 
they  have  no  wings.  You  remember 
that  a grasshopper  egg  hatches  into  a 
small  grasshopper  without  wings.  The 
little  grasshopper  grows  and  changes 
until  it  is  a full-grown  grasshopper 
with  wings. 

Perhaps  you  have  seen  fish  eggs  in 
the  water.  One  female  fish  may  lay 
thousands  of  eggs.  You  will  usually 
find  fish  eggs  in  a shallow  part  of  a 
stream,  pond,  or  lake.  Every  egg  has 
a tiny  cell  with  food  around  it.  The 
eggs  hatch  into  young  fish.  But  some 
kinds  of  fish  are  born  alive.  Many 
kinds  of  sharks  and  all  guppies  are 
born  alive.  If  you  have  an  aquarium 
in  your  schoolroom,  you  may  have 
some  guppies  in  it.  Perhaps  you  have 
seen  the  young  guppies  as  they  were 
born. 

Nearly  all  reptiles  hatch  from  eggs. 
Turtles,  alligators,  lizards,  and  croco- 
diles all  come  from  eggs.  Each  egg  has 
a tiny  cell  with  food  around  it.  Per- 
haps you  have  found  turtle  eggs  in  the 
sand  near  a stream  or  lake.  Many 
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BEGINNING,  OF  TADPOLE 


These  pictures  show  how  a katydid  grows  from  an  egg  like  one  of  those  in  the  first 
picture.  How  is  a katydid  like  a grasshopper  in  the  way  it  grows? 


kinds  of  snakes  hatch  from  eggs,  but 
some  kinds  of  snakes  are  born  alive. 

Most  mammals  are  born  alive  in- 
stead of  being  hatched  from  eggs. 
Perhaps  you  are  wondering  whether 
every  mammal  begins  its  life  as  one 
cell.  Yes,  it  does.  Every  living  thing 
begins  as  a cell.  Every  mammal  be- 
gins as  one  small  cell  in  its  mother’s 
body.  This  cell  divides  into  two  cells. 
The  cells  keep  on  making  more  cells 
inside  the  mother’s  body  until  the 
young  animal  is  big  enough  to  be 
born.  While  it  is  growing,  the  young 


animal  gets  milk  from  its  mother’s 
body.  Cats,  dogs,  rabbits,  squirrels, 
horses,  cows,  pigs,  and  sheep  are  a 
few  of  the  many  kinds  of  mammals. 

Now  you  know  that  new  animals 
and  new  plants  are  made  in  much  the 
same  way.  Every  plant  and  every  ani- 
mal starts  from  a cell  that  is  part  of 
its  parent’s  body.  All  living  things  are 
made  from  other  living  things  of  the 
same  kind.  If  people  of  long  ago  had 
known  this,  they  would  not  have  be- 
lieved such  queer  things  about  where 
new  plants  and  animals  come  from. 


1. 

2. 

3. 

4. 

5. 


How  is  a bird’s  egg  like  the  seed  of  a plant? 

How  are  mammals  and  birds  different  in  the  way  that  their  young 
are  produced? 

How  does  every  living  thing  begin  its  life? 

How  do  living  things  grow  bigger? 

Which  of  these  animals  are  born  alive?  Which  hatch  from  eggs? 
Robin  Deer  Frog  Turtle  Mouse  Snake  Cricket 
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Muskrats  and  opossums  take  care  of  their  babies  and  protect  them  from  enemies. 


How  do  animals  take  care  oj  their  young? 


Probably  you  were  about  a year 
old  before  you  could  walk.  You 
were  three  or  four  years  old  before 
you  could  talk  clearly.  When  you 
were  a baby,  you  could  not  have 
stayed  alive  without  the  care  that  your 
parents  gave  you.  Even  now,  you 
would  have  a hard  time  earning 
enough  money  to  buy  your  food  and 
clothes  and  to  pay  for  a home.  Your 
parents  still  take  care  of  you. 

Many  kinds  of  animals  would  die 
if  their  parents  did  not  take  care  of 
them  for  a time  after  they  are  born. 
You  know  that  kittens  stay  with  their 
mother  for  several  weeks.  So  do  young 
dogs,  horses,  cows,  pigs,  and  rabbits. 


Young  elephants  stay  with  their 
mothers  for  two  years.  All  these  ani- 
mals are  mammals.  They  must  get 
milk  from  their  mother’s  body,  be- 
cause their  own  bodies  have  not 
grown  big  enough  for  them  to  get  their 
own  food.  Puppies,  kittens,  and  young 
rabbits  are  not  strong  enough  to  walk 
far,  and  their  teeth  are  not  big  enough 
to  bite  and  chew.  Of  course,  they 
could  not  protect  themselves. 

Black  bears  take  care  of  their  young 
for  several  months.  When  the  cold 
weather  comes,  the  mother  bear  digs 
a hole  or  finds  a cave.  She  stays  asleep 
in  the  hole  or  cave  all  winter.  We  say 
that  she  hibernates . While  she  is  hi- 
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bernating,  the  young  bears  are  born. 
They  are  not  much  bigger  than 
squirrels,  and  they  are  very  helpless. 
For  about  two  months,  the  mother 
bear  covers  them  to  keep  them  warm. 
As  they  drink  milk  from  her  body, 
they  grow  bigger.  When  they  are 
about  three  months  old,  they  come  out 
of  their  hole.  Even  after  the  young 
bears  come  out,  their  mother  feeds 
them  until  they  are  old  enough  to  get 
their  own  food. 

Young  birds  are  very  helpless  for 
many  days  after  they  hatch  from  the 
eggs.  The  mother  and  father  birds 
bring  them  food  and  keep  them  warm. 
Their  parents  protect  them  from  the 
rain  and  from  other  animals.  If  a cat, 
a hawk,  or  another  enemy  comes  near 
the  nest,  the  mother  and  father  try  to 
drive  the  enemy  away.  The  young 
birds  stay  with  their  parents  until  they 
grow  big  and  strong  enough  to  take 


plants  and  animals? 

birds  wT  Gf  seeds  that  it  makes.  Then 
Many  «.* r that  there  are  probably 
young.  3Vu«  p}ants  like  it  in  the  gar- 
their  eggs  s nfo  plant  is  making  many, 
When  the  egg. 

sects  must  find  ^-now  that  the  earth 
course,  many  of  the  eg^es,  turtles,  cod- 
before  they  can  hatch.-,ny  other  kind 
young  insects  die  before  th  Qf  the  new 
But  each  mother  insect  layL|ye  anci  be- 
of  eggs.  So  there  are  alwa^qj^  you 
new  insects  growing  up  each  ytr,me  to 
There  is  one  thing  which  manmany 
sects  do  that  helps  their  young,  lybat 
lay  the  eggs  near  food  so  that  jng 
young  can  eat  as  soon  as  they  hah 
Flies  lay  their  eggs  in  garbage  or  c^ts 
caying  meat.  Cabbage  butterflies  la7e 
their  eggs  on  cabbage  plants.  Monarcl^ 
butterflies  lay  their  eggs  on  milkweedt 
plants.  Codling  moths  lay  their  eggs 
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pears,  and  other  fruit.  If 
ever  found  holes  eaten  in 
clothes,  you  know  where 
moth  lays  its  eggs.  The  moth 
hatch  and  eat  the  wool, 
kind  of  beetle  always  lays  its 
M,gs  near  a grasshopper’s  nest.  As 
oon  as  the  beetle  larvae  hatch,  they 
:rawl  over  and  eat  the  grasshopper 
eggs.  The  mud-dauber  wasp  builds  a 
nest  of  mud  and  lays  her  eggs  in  it. 
Then  she  puts  food  in  the  nest  for  the 
wasp  larvae  to  eat  when  they  hatch 
from  the  eggs.  So  the  young  are  well 
fed,  even  though  their  mother  has 
gone  away  and  left  them. 


Most  fish,  reptiles,  and  amphibians 
do  not  take  care  of  their  young.  Fish, 
frogs,  toads,  and  salamanders  lay  a 
great  many  eggs.  Even  though  many 
thousands  of  eggs  are  destroyed  and 
thousands  of  little  fish  and  tadpoles 
are  eaten  by  other  animals,  there  are 
always  young  ones  growing  up. 

There  is  one  kind  of  fish  that  does 
protect  its  young.  This  fish  is  called 
the  stickleback.  The  father  builds  a 
nest  in  which  the  mother  lays  her 
eggs.  Then  the  father  guards  the  nest 
and  fights  off  enemies  until  the  eggs 
hatch  and  the  young  fish  can  take  care 
of  themselves. 


1.  Which  groups  of  animals  give  their  young  the  most  care ? 

2.  Which  animals  take  more  care  of  their  young,  those  that  have 

many  young  or  those  that  have  only  a few? 

3.  Many  insects  help  their  young  start  growing.  Give  some  examples 

of  how  they  do  this. 

4.  If  you  have  ever  seen  a mother  dog  or  cat  taking  care  of  her  young, 

tell  your  class  what  you  saw. 

5.  Did  you  ever  watch  a bird  that  was  protecting  its  nest  from  ene- 

mies? Tell  what  the  bird  did. 
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Why  is  the  earth  not  overrun  with  plants  and  animals? 


For  millions  of  years,  animals  and 
plants  have  been  living  on  earth. 
Each  year,  most  of  them  produce 
young  animals  and  plants.  Billions 
of  new  animals  and  plants  begin 
their  lives  every  year.  You  have 
learned  that  a fly  hatches  from  an  egg 
and  is  full-grown  in  about  eleven 
days.  Then  it  can  have  young.  One 
scientist  figured  out  that  in  five 
months,  starting  with  just  one  pair  of 
flies,  there  would  be  nearly  200  bil- 
lion billion  flies!  They  would  cover 
the  entire  earth  with  a layer  forty- 
seven  feet  thick! 

In  the  spring,  a female  frog  or  toad 
lays  hundreds  of  eggs.  A turtle  usu- 
ally lays  several  dozen  eggs.  Some 
snakes  lay  forty  or  more  eggs  each 
year.  Birds  lay  fewer  eggs,  but  a pair 
of  robins  often  has  several  families 
every  year.  Sparrows  raise  several 
families  every  year,  too.  A female 
codfish  lays  about  9 million  eggs  a 
year.  Try  to  find  a female  spider  with 
her  “egg  basket”  and  keep  her  until 
the  eggs  hatch.  Then  you  can  see  how 
many  young  spiders  come  from  the 
eggs  laid  by  just  one  spider. 

Plants  are  also  making  new  plants 
at  a great  rate.  Billions  and  billions 
of  tiny  plants,  such  as  bacteria  and 
yeasts,  are  produced  every  hour. 
Other  plants  are  also  making  huge 
numbers  of  seeds  and  spores.  Go  into 
a garden  when  the  seeds  are  ripening. 
Choose  one  plant  and  try  to  count  the 


number  of  seeds  that  it  makes.  Then 
remember  that  there  are  probably 
many  other  plants  like  it  in  the  gar- 
den. And  each  plant  is  making  many, 
many  seeds. 

Of  course,  you  know  that  the  earth 
is  not  covered  with  flies,  turtles,  cod- 
fish, bacteria,  yeasts,  or  any  other  kind 
of  animal  or  plant.  Most  of  the  new 
plants  and  animals  do  not  live  and  be- 
come full-grown.  If  they  did,  you 
could  not  walk  from  your  home  to 
school.  There  would  be  too  many 
plants  and  animals  in  your  way.  What 
happens  to  keep  many  of  these  living 
things  from  growing  up? 

As  you  know,  all  animals  and  plants 
must  have  certain  things  to  stay  alive 
and  grow.  All  living  things  need  air, 
food,  water,  and  room  to  grow.  Most 
of  them  need  sunlight  and  warmth. 
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too.  Do  you  think  that  it  is  easy  for 
them  to  get  all  the  things  they  need 
to  live  and  grow?  Suppose  that  you 
look  at  some  plants  and  animals. 

Find  a garden  where  the  plants  are 
just  coming  up.  You  may  see  that  the 
plants  are  crowded  close  together. 
They  shade  each  other  from  the  sun- 
light. And  the  roots  of  each  plant  are 
taking  food  materials  and  water  from 
its  neighbors.  The  plants  are  really 
carrying  on  a battle  with  each  other 
for  enough  sunlight,  food  materials, 
and  water.  Many  of  the  plants  lose 
out  and  die  before  they  are  full- 
grown.  Only  the  plants  that  live  to  be 
full-grown  can  make  more  new  plants 
like  themselves. 

Now  let  us  see  what  happens  to 
some  tadpoles  after  they  hatch  from 
eggs  in  the  spring.  Many  things  may 
keep  them  from  becoming  frogs  or 
toads.  Turtles  and  fish  eat  them.  In 
the  early  spring,  the  pond  may  freeze. 
Or  the  summer  sun  may  make  the 
water  too  hot.  Perhaps  there  is  not 
much  rain.  So  the  pond  where  they 
live  begins  to  dry  up.  This  crowds  the 
tadpoles  into  a smaller  space.  Soon 
there  is  not  enough  oxygen  and  food 
in  the  water  for  them  all.  Many  of  the 
tadpoles  die.  From  the  hundreds  of 
eggs  laid  by  the  mother,  only  few 
tadpoles  ever  live  long  enough  to  be- 
come frogs  or  toads.  And  only  the 
frogs  that  live  and  become  full-grown 
can  ever  produce  more  frogs. 

As  you  can  see,  staying  alive  is  hard 
for  plants  and  animals  to  do.  Only 


a certain  number  of  living  things  can 
live  in  a certain  amount  of  space.  In 
the  battle  for  the  things  they  need, 
the  weaker  plants  and  animals  die  or 
are  killed.  Only  the  stronger  ones 
live.  So  the  number  of  animals  and 
plants  that  become  full-grown  is  very 
small  compared  with  the  huge  num- 
ber that  is  produced  every  year.  If 
you  watch  a field  or  a pond  for  sev- 
eral years,  you  will  find  that  the 
number  of  plants  and  animals  living 
in  it  stays  about  the  same  year  after 
year. 

Even  the  living  things  that  get  a 
chance  to  grow  do  not  live  forever. 
Some  animals,  such  as  insects,  live  for 
only  a short  time.  They  often  die  after 
they  have  laid  their  eggs.  Other  ani- 
mals live  for  a few  years,  but  some 
live  quite  a long  time.  Here  is  a list 
of  animals.  It  tells  how  long  each  one 
may  live. 


Animal 

Years 

Toad 

.........  4-8 

Frog  

.........  10-12 

Rabbit  ....... 

.........  5-7 

Cat  ...... 

.........  8-9 

Dog ...... 

.........  10-12 

Canary  ...... 

.........  20 

Pigeon  ....... 

20 

Horse  

.........  25-30 

Goose  ....... 

.........  50 

Elephant 

.........  50-60 

Salmon  ...... 

.........  100 

Pike  .......... 

.........  150 

Crocodile  

.........  175 

Whale 

300-400 
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Plants  do  not  live  forever,  either. 
You  know  that  annuals  live  only  a 
year.  Biennials  live  two  years,  and 
perennials  live  more  than  two  years. 
Trees  are  perennials,  and  some  of 
them  live  to  be  very  old.  In  fact,  trees 


are  the  oldest  living  things  on  earth. 
On  this  page  is  a picture  of  a huge 
cypress  tree  that  is  still  growing  in 
Mexico.  Scientists  have  studied  this 
tree  very  carefully.  They  believe  that 
it  is  at  least  5000  years  old! 


2.  What  would  happen  if  a frog  laid  only  one  egg  instead  of  hundreds 
of  eggs? 

2.  Not  all  the  seeds  of  a plant  become  full-grown  plants.  Why? 

3.  Why  does  the  number  of  living  things  in  a certain  place  stay  about 

the  same  year  after  year? 

4.  Explain  why  the  earth  is  not  overrun  with  animals  and  plants. 

5.  Look  at  the  list  of  animals  on  page  264.  Which  may  live  longer, 

a frog  or  a toad?  A horse  or  an  elephant?  A canary  or  a goose? 

6.  What  are  the  oldest  living  things  on  earth? 
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Why  should  we  help  conserve  living  things? 


You  found  out  why  we  must  con- 
serve the  soil  when  you  studied 
Unit  Three.  In  this  unit,  you  have 
learned  some  important  things  about 
plants  and  animals.  You  now  know 
where  new  plants  and  animals  come 
from,  and  you  also  know  why  the 
earth  is  not  overrun  with  living 
things.  But  do  you  understand  why 
we  should  conserve  living  things? 

When  a farmer  protects  his  animals 
and  plants  and  uses  them  wisely,  he 
is  helping  conserve  living  things.  Of 
course,  he  does  this  for  a reason  that 
anyone  can  easily  understand.  Unless 
he  takes  good  care  of  the  plants  and 
animals  on  his  farm,  he  cannot  make 
a living  for  himself  and  his  family. 
Conservation  of  farm  animals  and 
plants  is  just  as  important  to  us  as  it 
is  to  a farmer.  We  get  most  of  our 
food  and  clothing  from  them. 

But  why  is  it  important  for  us  to 
conserve  wild  plants  and  wild  ani- 
mals? There  are  two  good  reasons. 
The  first  reason  is  easy  to  understand. 
We  need  these  living  things.  You 
have  learned  how  our  forests  and 
grasslands  help  conserve  water  and 
soil.  From  our  forests  comes  wood  for 
lumber,  fuel,  and  paper.  Trees  also 
supply  us  with  nuts  for  food  and  with 
oils  and  gums  for  paints  and  plastics. 
Our  grasslands  are  pastures  for  hun- 
dreds of  thousands  of  cows  and  sheep. 
From  these  animals,  we  get  food  and 
clothing. 


In  our  streams,  lakes,  and  seas  are 
millions  of  animals  we  use  for  food. 
We  eat  salmon,  codfish,  herring, 
mackerel,  perch,  pike,  trout,  and 
many  other  kinds  of  fish.  We  also 
eat  clams,  oysters,  lobsters,  crabs,  and 
shrimps.  We  use  some  kinds  of  fish 
to  make  fertilizer  and  glue.  We  often 
make  buttons  from  clam  shells. 

We  could  use  many  kinds  of  wild 
animals  that  once  lived  in  the  forests, 
grasslands,  and  water  of  our  country. 
But  there  are  no  longer  enough  of 
them.  The  Indians  got  much  of  their 
food  and  clothing  from  these  animals. 
Although  we  still  get  furs  from  some 
of  them,  they  do  not  provide  us  with 
much  food.  When  the  early  settlers 
came  to  our  country  from  Europe,  they 
thought  that  the  wild  animals  would 
last  forever.  For  many  years,  they 
killed  these  animals  by  the  thousands. 

Some  animals  became  very  scarce. 
Huge  herds  of  buffalo  once  roamed 
the  grasslands  in  the  western  part  of 
our  country.  Then  hunters  slaugh- 
tered the  buffalo  for  their  meat  and 
hides.  In  a little  over  ten  years, 
nearly  5 million  buffalo  were  killed. 
Today,  there  are  only  a few  thousand 
left.  Deer,  elk,  bear,  beavers,  minks, 
and  otters  also  became  scarce.  So  did 
wild  birds,  such  as  pheasants,  quail, 
geese,  and  ducks.  Some  kinds  of  birds 
disappeared  entirely.  Today  there  is 
not  one  passenger  pigeon  nor  one 
heath  hen  still  living. 
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Feeding  deer  in  winter  when  it  is  hard  for  them  to  get  food,  is  one  way  in  which 
people  help  conserve  our  wild  animals. 


When  the  early  settlers  plowed  up 
the  grasslands  and  destroyed  the  for- 
ests, many  wild  animals  had  no  place 
to  live.  You  know  how  hard  it  is  for 
living  things  to  get  what  they  need  to 
grow  and  stay  alive.  So  you  can  prob- 
ably guess  what  happened  to  many 
other  wild  animals. 

We  need  some  kinds  of  animals  be- 
cause they  help  protect  plants.  Insects 
destroy  more  trees  than  forest  fires 
do,  and  they  damage  many  plants  that 
provide  us  with  food  and  clothing. 
Birds  eat  billions  of  these  insects 
every  year.  Frogs,  toads,  and  fish  also 
eat  insects.  Snakes  and  skunks  eat 
many  insects,  too.  They  also  eat  mice 
and  rats. 


Now  you  can  understand  one  rea- 
son why  we  should  help  conserve  wild 
animals  and  wild  plants.  We  need 
these  living  things,  because  they  help 
us  in  many  different  ways.  But  there 
is  another  good  reason  why  we  should 
protect  them  and  use  them  wisely. 
We  enjoy  these  living  things. 

To  some  people,  that  does  not  seem 
like  a very  good  reason  for  conserving 
wild  plants  and  animals.  But  most 
of  us  are  interested  in  animals  and 
plants.  You  probably  enjoy  having 
a pet  or  making  a garden.  Perhaps 
you  are  collecting  butterflies  or  dif- 
ferent kinds  of  leaves.  We  like  to 
walk  through  the  woods  and  fields 
where  we  can  see  wild  flowers  and 
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hear  songbirds.  It  is  fun  to  find  spring 
flowers  or  to  watch  a bird  building  its 
nest.  Everyone  can  enjoy  these  things 
for  many  years  to  come  if  we  help 
conserve  wild  plants  and  animals. 

Thoughtless  people  pick  wild  flow- 
ers, and  many  of  these  wild  plants 
are  disappearing.  You  know  that 
flowers  make  seeds.  If  you  do  not  pick 
a flower,  it  will  make  seeds.  Then,  the 
next  year,  the  seeds  may  grow  into 
new  plants.  When  flowers  such  as 
trilliums  and  lady’s-slippers  are 
picked,  nothing  is  left  but  the  roots. 
The  leaves  grow  on  the  same  stem  as 
the  flowers.  Food  is  made  in  the 
leaves,  and  this  food  is  stored  in  the 
roots.  When  the  leaves  are  picked, 
the  plant  cannot  make  food.  So  it  dies. 

You  can  see  why  trilliums  and 
lady’s-slippers  should  not  be  picked. 
Other  wild  flowers  that  should  not  be 
picked  are  bloodroot,  fringed  gentian, 
jack-in-the-pulpit,  may  apple,  trailing 
arbutus,  mountain  laurel,  columbine, 
partridge  berry,  wake-robin,  and 
Dutchman’s-breeches.  A wild  flower 
that  grows  on  a long  stem,  such  as 
the  blue  violet,  may  be  picked  more 
freely  than  other  wild  flowers.  But 
only  a few  of  the  green  leaves  should 


be  taken,  and  the  roots  should  not  be 
disturbed. 

Some  states  have  laws  against  pick- 
ing certain  kinds  of  wild  flowers.  In 
state  and  national  parks,  you  cannot 
pick  the  flowers.  Many  states  have 
signs  along  the  highways,  warning 
people  not  to  pick  wild  flowers.  Un- 
less people  help  conserve  wild  flowers, 
there  will  soon  be  none  for  us  to  enjoy. 

Many  people  have  been  interested 
in  protecting  birds.  For  many  years, 
they  have  worked  to  protect  the  birds 
that  help  us  and  the  birds  that  we  en- 
joy. These  people  have  helped  set  up 
places  where  birds  can  live  safely  and 
raise  their  young.  These  places  are 
called  bird  sanctuaries.  Thousands  of 
acres  of  land  have  been  made  into 
safe  homes  for  birds. 

In  the  autumn,  many  birds  fly 
south.  Then  in  the  spring,  the  birds 
fly  back  north  again.  We  say  that 
these  birds  migrate.  Each  kind  of 
bird  has  its  own  place  for  spending 
the  winter  and  the  summer.  Robins 
go  to  the  southern  part  of  our  country 
for  the  winter,  but  ruby-throated 
hummingbirds  and  orioles  fly  all  the 
way  across  the  Gulf  of  Mexico  to  Cen- 
tral America. 


1.  Why  should  we  help  conserve  living  things? 

2.  What  can  you  do  to  help  conserve  wild  animals  and  plants? 

3.  What  wild  flowers  and  birds  are  protected  by  laws  in  your  state? 

4.  A certain  number  of  living  things  can  live  in  a certain  amount  of 

space.  What  will  probably  happen  if  people  change  the  place 
where  these  things  live? 
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QUESTIONS  TO  ANSWER 


1.  Some  people  believe  that  a horse- 
hair will  turn  into  a snake  if  it  is  put 
in  water.  Do  you  think  that  this  is 
true?  How  could  you  show  that  your 
answer  is  correct? 

2.  Do  all  plants  grow  from  seeds? 
Explain  your  answer. 

3.  What  must  happen  before  the  egg 
in  a flower  can  make  a seed? 

4.  How  does  each  of  these  help  a 
flower  make  seeds?  Pistil,  wind,  pol- 
len, bee,  stamen,  stigma. 

5.  Why  is  a microscope  helpful  in 
discovering  how  flowers  make  seeds? 

6.  Sometimes  fruit  trees  bloom  so 
early  in  the  spring  that  the  blossoms 
freeze.  Do  you  think  that  fruit  will 


grow  on  these  trees  after  the  blossoms 
have  frozen?  Why? 

7.  Can  a vegetable  ever  be  a fruit? 
Explain  your  answer. 

8.  Which  of  these  would  a scientist 
call  fruits?  Radish,  raspberry,  potato, 
peach,  watermelon,  carrot,  grape, 
onion.  Give  your  reasons. 

9.  Where  do  all  living  things  come 
from? 

10.  Why  are  cells  called  the  build- 
ing blocks  of  living  things? 

11.  Why  must  we  protect  wild  ani- 
mals and  plants? 

12.  Besides  killing  trees,  forest  fires 
destroy  other  living  things.  How  does 
this  happen? 


THINGS  TO  DO 


1.  Get  some  frog’s  eggs  from  a pond. 
Keep  them  in  pond  water  in  your 
schoolroom  and  watch  for  them  to 
hatch.  Then  put  the  tadpoles  in  the 
aquarium. 

2.  Find  out  how  long  it  takes  hen’s 
eggs  to  hatch  into  chickens.  Try  to 
watch  some  eggs  that  are  just  hatching. 

3.  Look  in  books  to  find  pictures  of 
different  kinds  of  cells. 

4.  Learn  more  about  how  different 
kinds  of  animals  take  care  of  their 
young. 

5.  Try  to  find  grasshopper  eggs  in 
a garden. 

6.  Look  at  some  plants  that  have 
iust  finished  blooming.  Find  the  parts 
of  the  flowers  that  are  still  left  on  the 
plants.  Open  these  parts  and  look  for 
the  seeds. 


7.  Read  about  Luther  Burbank  and 
his  work  with  plants. 

8.  Plant  some  seeds  and  watch  the 
young  plants  begin  to  grow. 

9.  If  you  have  a fern  at  home,  find 
the  spore  cases  on  it. 

10.  Make  a cutting  from  a geranium 
and  watch  it  grow. 

11.  Find  out  about  the  National 
Association  of  Audubon  Societies,  the 
National  Wildlife  Federation,  and  other 
groups  that  help  protect  our  wild 
plants  and  animals. 

12.  Learn  the  names  of  the  birds  in 
your  community  that  help  protect  trees 
and  other  plants  from  insects. 

13.  Look  at  as  many  different  kinds 
of  flowers  as  you  can.  Find  the  pollen, 
the  pistils,  the  stamens,  and  the  other 
parts. 
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* In  Unit  Ten  You  Will  Learn  * 

* What  living  things  were  like  long  ago  * 

* How  we  know  what  living  things  were  like  long  ago  * 

* What  scientists  have  discovered  by  studying  fossils  * 

* How  animals  and  plants  have  changed  * 

* Why  some  kinds  of  living  things  have  disappeared  from  the  earth  * 


What  Is  the  History  of  Living  Things? 


Did  you  ever  wonder  how  old  the 
earth  is?  Scientists  are  sure  that 
it  is  at  least  2 billion  years  old!  Since 
the  earth  was  formed,  many  changes 
have  taken  place.  In  Unit  Three,  you 
read  about  changes  in  the  earth’s 
surface.  Some  of  the  changes  took 
place  millions  of  years  ago.  Others 
are  still  going  on  all  over  the  earth. 

You  know  that  erosion  wears  down 
rocks  and  soil  and  carries  them  away. 
New  rocks  are  formed  deep  in  the 
earth  or  under  water.  Then  these 
rocks  are  pushed  up  above  the  sur- 


face. Again  erosion  wears  them  down. 
This  has  happened  over  and  over 
again  for  millions  of  years,  and  it  is 
still  happening  today. 

The  earth’s  surface  is  not  all  that 
has  changed  as  the  years  went  by. 
Scientists  know  that  the  living  things 
on  the  earth  have  changed,  too.  The 
plants  and  animals  of  today  are  very 
different  from  those  that  lived  mil- 
lions of  years  ago.  In  this  unit,  you 
will  learn  more  about  the  plants  and 
animals  of  long  ago  as  you  study  the 
history  of  living  things. 


What  were  living  things  like  long  ago? 


Suppose  that  on  a Saturday  about 
500  million  years  ago  you  took 
a hike  to  find  out  about  the  animals 
and  plants.  If  you  looked  for  flowers, 
you  would  not  find  them.  In  those 
days,  there  were  no  plants  with  flow- 
ers. You  could  not  go  fishing,  either, 
because  there  were  no  fish  and  you 


would  not  need  field  glasses  to  watch 
birds  in  the  trees.  There  were  no  birds 
or  trees! 

You  could  not  gather  any  fruits  or 
nuts.  No  fruits  or  nuts  grew  in  those 
days.  And  you  could  not  collect  in- 
sects. There  were  no  insects  at  that 
time. 
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Perhaps  you  are  now  wondering 
whether  there  were  any  living  things 
to  see  500  million  years  ago.  Yes, 
there  were  some  living  things.  But 
they  were  very  small,  and  they  lived 
only  in  water.  Imagine  what  the 
world  was  like  when  not  one  thing 
lived  on  the  land! 

All  the  animals  and  all  the  plants 
lived  in  the  water  500  million  years 
ago.  At  that  time,  huge  seas  covered 
half  of  North  America.  If  you  dipped 
a net  into  the  water,  you  might 
bring  up  some  sponges  and  a few 
jellyfish.  These  animals  were  living 
in  those  days.  You  might  also  find 
several  kinds  of  animals  with  shells 
like  those  in  the  picture  at  the  left 
on  this  page.  Some  of  them  looked 
much  like  the  snails  that  you  find  in 
lakes  and  streams  today. 


If  you  rowed  a boat  through  the 
water,  you  would  not  be  bothered  by 
thick  reeds  and  other  tall  water  plants. 
Plants  in  those  days  were  very  dif- 
ferent from  the  ones  of  today.  Most 
of  them  were  very  tiny  plants  that 
floated  about  in  the  water. 

Now  suppose  that  you  waited  about 
150  million  years  and  then  took  an- 
other Saturday  hike.  The  weather 
350  million  years  ago  was  very  wet. 
You  would  find  that  the  plants  and 
animals  were  very  different  from 
those  you  saw  on  your  first  hike.  This 
time,  you  might  get  lost  in  the  for- 
ests of  land  plants  that  had  grown  up. 

But  you  would  not  find  trees  like 
those  of  today.  Most  of  the  trees  350 
million  years  ago  looked  like  the  ones 
in  the  picture  on  the  right  on  this 
page.  As  you  can  see,  they  were  huge 
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treelike  ferns.  When  these  were  cov- 
ered with  layers  of  rock,  coal  and  oil 
were  formed  from  them.  You  still 
could  not  see  any  flowers.  Plants  with 
flowers  had  not  yet  begun  to  grow 
on  the  earth.  All  plants  grew  from 
spores,  just  as  ferns  and  mushrooms 
do  today. 

On  this  hike,  you  would  have  bet- 
ter luck  in  looking  for  animals.  You 
would  find  many  sponges,  jellyfish, 
corals,  and  animals  like  snails.  If  you 
wanted  to  gather  shells  350  million 
years  ago,  you  could  do  so.  You  could 
also  go  fishing.  So  many  kinds  of  fish 
lived  at  this  time  that  it  is  often  called 
the  Age  of  Fishes. 

You  could  not  catch  trout,  bass,  or 
sunfish.  These  kinds  of  fish  did  not 
live  then.  The  fish  of  350  million  years 
ago  looked  very  queer.  Some  were 
covered  with  big,  thick  scales.  Their 
skeletons  were  made  of  tough  carti- 
lage instead  of  bones.  Others  could 
breathe  either  in  water  or  in  air,  be- 
cause they  had  both  lungs  and  gills. 
Some  had  fins  that  looked  almost  like 
legs.  The  fish  could  crawl  about  on 
these  fins. 

This  hike  would  have  been  more 
interesting  than  the  one  you  took  150 
million  years  before.  But  if  you 
waited  another  200  million  years,  you 
could  take  an  even  more  interesting 
hike.  You  would  find  that  great 
changes  had  taken  place.  The  weather 
would  be  very  dry.  The  seas  that  cov- 
ered much  of  North  America  would 
be  gone,  because  the  land  had  been 


pushed  up  above  the  water.  You 
would  see  high  mountains. 

As  you  walked  along,  you  would 
find  many  new  kinds  of  plants. 
Among  them  would  be  a kind  of  tree 
that  had  begun  to  grow  since  your 
last  hike.  This  kind  of  tree  is  called  a 
cycad.  If  you  live  in  Florida  or  have 
been  there,  you  have  probably  seen 
cycads.  You  may  have  heard  them 
called  palms  or  sago  palms.  You  can 
see  a cycad  in  the  picture  on  this  page. 

When  you  look  at  a cycad,  you  are 
looking  at  one  of  the  oldest  kinds  of 
living  things  on  the  earth.  Cycad  trees 
once  grew  in  almost  every  place,  but 
now  they  grow  in  only  a few  places. 
They  were  one  of  the  first  kinds  of 
plants  to  have  seeds.  They  made  their 
seeds  in  cones  somewhat  like  the 
cones  on  the  pine  trees  of  today. 
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You  would  find  that  the  animals 
had  changed  greatly  during  200  mil- 
lion years.  On  your  last  hike,  you 
saw  many  fish  and  other  water  ani- 
mals. But  you  did  not  see  many  land 
animals.  Now,  200  million  years 
later,  there  are  many  land  animals. 
You  could  collect  plenty  of  insects 
150  million  years  ago.  You  could  also 
catch  amphibians  such  as  frogs,  toads, 
and  salamanders.  As  you  know, 
amphibians  hatch  from  eggs  laid  in 
water.  They  spend  the  first  part  of 
their  lives  in  water.  When  they  are 
full-grown,  they  live  on  land  as  well 
as  in  water. 

But  you  probably  would  not  have 
much  time  to  look  for  amphibians  and 
small  water  animals,  because  you 
would  be  frightened  by  the  reptiles. 
So  many  kinds  of  reptiles  lived  on  the 
earth  at  this  time  that  it  is  often  called 
the  Age  of  Reptiles.  In  and  near  the 
water,  you  would  see  huge  turtles. 
But  they  would  not  frighten  you  so 


much  as  some  of  the  other  reptiles 
would.  Look  at  the  picture  on  this 
page.  Giant  reptiles  like  these  roamed 
the  earth  150  million  years  ago. 

Many  of  these  reptiles  are  called 
dinosaurs.  Dinosaur  means  terrible 
lizard.  The  largest  dinosaurs  were 
nearly  100  feet  long,  and  they  prob- 
ably weighed  almost  fifty  tons.  Some 
were  covered  with  hard  plates.  Others 
had  long  necks  and  long  tails.  And 
some  had  sharp  horns.  Others  walked 
on  their  hind  legs  and  used  their  front 
legs  like  arms. 

You  might  see  some  kinds  of  rep- 
tiles eating  the  leaves  of  trees  and 
other  plants.  Some  kinds  would  be 
catching  and  eating  smaller  animals. 
You  would  probably  be  surprised  to 
see  a huge  animal  flying  over  your 
head.  Its  wings  would  be  twenty-five 
feet  across!  This  animal  was  not  a 
bird.  It  was  a flying  reptile. 

There  would  be  some  birds,  too. 
But  you  would  not  see  any  robins  or 
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crows.  These  kinds  of  birds  did  not 
live  then.  The  birds  of  150  million 
years  ago  were  very  different  from 
the  birds  of  today.  They  had  sharp, 
pointed  teeth.  One  kind  of  bird  had 
a long,  pointed  tail  with  a row  of 
feathers  along  each  side. 

You  would  scarcely  notice  the 
mammals.  There  were  only  a few 
kinds,  and  they  were  very  small.  Most 
of  them  were  no  bigger  than  mice. 
If  you  wanted  to  see  many  kinds  of 
mammals,  you  would  have  to  take 
another  hike  100  million  years  later. 

On  your  next  hike,  about  50  mil- 
lion years  ago,  you  would  notice  that 
many  changes  had  taken  place.  This 
time,  you  would  find  many  kinds  of 
plants  with  flowers  and  seeds.  The  fish 
would  look  much  like  the  sharks  of  to- 
day. You  could  still  find  amphibians 
such  as  frogs,  toads,  and  salamanders. 
But  the  dinosaurs  and  other  huge  rep- 
tiles would  be  gone.  The  only  reptiles 


would  look  much  like  the  snakes,  tur- 
tles, and  lizards  that  we  have  now. 
You  would  also  notice  that  the  birds 
were  more  like  those  of  today. 

You  would  find  a great  many  kinds 
of  mammals.  That  is  why  this  time  is 
called  the  Age  of  Mammals.  Some  of 
the  mammals  were  very  large.  There 
were  elephants,  camels,  and  even 
horses.  But  you  probably  would  not 
recognize  them.  They  did  not  look 
like  the  same  animals  that  we  have 
now.  Yet,  in  many  ways,  the  animals 
and  plants  of  50  million  years  ago 
had  begun  to  look  more  like  those  of 
today. 

Of  course,  these  hikes  of  long  ago 
are  only  imaginary.  But  you  have 
learned  three  important  things  as  you 
read  about  the  living  things  of  the 
past.  Let  us  see  what  these  things  are. 

1.  The  earth  is  very,  very  old.  Sci- 
entists think  that  it  is  at  least  2 billion 
years  old. 


On  the  left  is  a flying  reptile.  On  the  right  are  some  of  the  first  birds. 
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These  are  some  of  the  first  horses.  They  were  about  the  size  of  a police  dog. 


2.  Living  things  have  changed  dur- 
ing millions  of  years.  The  animals  and 
plants  of  today  are  very  different 
from  those  of  long  ago. 

3.  New  kinds  of  living  things  have 
appeared  on  the  earth  as  time  went 
by.  Other  kinds  have  disappeared. 

At  first,  there  were  small  plants 
and  animals  floating  about  in  the 
water.  Next,  there  were  fish,  then 
amphibians,  then  reptiles,  then  birds 
and  mammals.  For  millions  of  years, 


there  were  no  plants  with  seeds.  The 
plants  had  spores  instead  of  seeds. 
Today,  there  are  more  kinds  of  plants 
with  seeds  than  there  are  kinds  with 
spores. 

You  cannot  expect  to  go  out  and 
see  the  different  kinds  of  plants  and 
animals  change  during  your  lifetime. 
Living  things  change  slowly.  It  took 
many  millions  of  years  for  plants  and 
animals  to  become  like  the  ones  that 
we  have  now. 


1.  What  three  important  things  did  you  learn  in  the  pages  that  you 

have  just  read? 

2.  Look  carefully  at  the  pictures  in  this  part  of  the  unit.  Then  tell 

what  each  picture  shows  about  the  living  things  of  long  ago. 

3.  As  millions  of  years  went  by,  did  plants  and  animals  become  more 

like  those  of  today  or  less  like  them?  Give  some  examples  to 
show  that  your  answer  is  correct. 
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Scientists  found  the  bones  of  these  animals  that  once  lived  on  the  earth.  When  they 
put  the  bones  together,  they  could  see  what  the  animal  looked  like. 


How  do  we  know  what  living  things  were  like  long  ago? 


Perhaps  you  are  saying  to  yourself, 
“How  does  anyone  know  that  there 
were  animals  and  plants  like  these 
long  ago?  No  one  was  there  to  see 
them.” 

You  are  right  if  you  say  that  no 
one  lived  500  million  years  ago  or 
even  50  million  years  ago.  Scientists 
think  that  there  have  been  people  on 
the  earth  for  no  more  than  a million 
years.  So,  of  course,  there  was  no  one 
to  make  records  of  what  happened 
millions  of  years  ago.  But  the  animals 
and  plants  themselves  made  records 
that  scientists  can  read. 

Have  you  ever  seen  a record  made 
by  a living  thing?  Turn  back  to  page 
85  and  look  at  the  picture  of  the  fish. 
It  shows  what  is  left  of  a fish  that  lived 
in  the  ocean  millions  of  years  ago. 


You  remember  that  scientists  call  the 
hardened  remains  of  any  animal  or 
plant  a fossil.  The  fossil  of  this  fish 
was  found  in  a sedimentary  rock  2000 
feet  above  the  ocean. 

In  many  other  rocks,  scientists  have 
found  the  fossils  of  fish  and  other  ani- 
mals that  once  lived  in  the  ocean. 
When  the  animals  died,  their  bodies 
settled  to  the  bottom.  Year  after  year, 
sand  and  mud  and  bones  and  shells 
settled  to  the  bottom,  too.  After  mil- 
lions of  years,  these  materials  turned 
into  stone.  You  know  that  limestone, 
sandstone,  and  shale  were  formed  in 
this  way.  Scientists  often  find  fossils 
in  these  sedimentary  rocks.  Only  the 
bones,  shells,  and  other  hard  parts 
of  the  bodies  are  left.  The  soft  parts 
have  all  disappeared.  By  examining 
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These  are  the  kinds  of  animals  whose  hones  were  found  in  the  tar  pits. 


the  fossils,  scientists  can  discover 
how  these  animals  must  have  looked. 

The  fossils  of  dead  animals  are 
found  in  other  places  besides  rocks. 
Millions  of  years  ago,  there  were  huge 
pits  of  soft  tar  in  what  is  now  Califor- 
nia. Scientists  say  that  the  tar  was 
covered  with  water.  When  animals 
came  there  to  drink,  they  walked  out 
into  the  water.  Their  feet  sank  into 
the  soft  tar,  and  the  animals  could  not 
get  out.  Down  they  went,  slowly  sink- 
ing deeper  and  deeper  into  the  pit. 
After  thousands  of  years,  the  tar 
hardened.  Then,  not  many  years  ago, 
men  dug  into  the  hard  tar  and  found 
the  fossil  skeletons  of  these  animals. 
Nothing  else  was  left  of  them. 

Before  glaciers  covered  much  of  the 
earth  with  ice,  the  northern  parts  of 
the  world  were  warmer  than  they  are 
now.  Animals  sometimes  sank  into 


the  mud  of  swamps  and  could  not  get 
out.  As  the  weather  became  colder, 
the  swamps  froze.  Today,  these 
swamps  never  thaw  out,  even  in  the 
summer.  The  animals  are  kept  in  a 
“refrigerator”  of  frozen  mud.  Scien- 
tists have  found  many  interesting 
fossils  in  these  old  swamps. 

Some  of  the  fossils  are  skeletons  of 
animals  like  the  one  in  the  picture  on 
page  279.  These  animals  are  called 
mammoths,  and  they  lived  before  the 
elephants  we  have  now.  Mammoths 
had  long,  thick  hair.  Their  tusks  were 
more  curved  than  those  of  elephants. 
Fossil  mammoths  have  been  found 
frozen  in  the  ice  and  mud.  Some  of 
them  still  have  most  of  their  hair, 
skin,  and  flesh  over  their  bones. 

On  page  279  is  a picture  of  the  body 
of  an  insect  that  is  at  least  200  million 
years  old.  One  day,  long  ago,  this 
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insect  flew  against  the  sticky  gum  of 
a tree  and  was  caught.  The  gum  kept 
on  oozing  out  of  the  tree  until  the 
insect  was  completely  covered.  As 
hundreds  of  years  went  by,  the  gum 
slowly  hardened.  It  changed  into  a 
hard,  transparent  material  called 
amber.  The  insect  was  still  inside. 
Not  many  years  ago,  a scientist  found 
this  lump  of  amber.  When  he  pol- 
ished it,  he  saw  a perfect  fossil  of  an 
insect  that  lived  long  ago. 

A fossil  may  be  the  whole  body  of 
an  animal  or  plant,  or  it  may  be  only 
a part  of  the  animal  or  plant.  Some- 
times fossils  are  just  footprints  of  ani- 
mals or  leafprints  of  plants.  Have  you 
ever  seen  a footprint  in  a cement  side- 
walk? A child  or  an  animal  stepped 
on  the  soft  cement  and  made  the  print. 
When  the  cement  hardened,  the  foot- 
print became  hard,  too.  It  is  a record 
of  the  person  or  animal  that  made  it. 

The  picture  on  the  left  shows  a mammoth, 
insect  in  it. 


Fossils  of  animals  and  plants  were 
often  made  in  somewhat  the  same 
way.  We  call  these  fossils  prints.  The 
body  of  a dead  animal  or  plant  sank 
to  the  bottom  of  the  ocean.  Then  it 
was  covered  with  mud,  sand,  or  other 
materials.  It  made  a print  in  them. 
The  soft  parts  of  the  body  decayed, 
and  sometimes  the  hard  parts  fell  to 
pieces.  But  the  print  stayed  as  the 
materials  around  it  changed  into  rock. 

Sometimes  the  body  of  a dead  plant 
or  animal  left  a hole  in  the  mud  or 
other  material  when  it  decayed  and 
fell  to  pieces.  The  hole  had  the  same 
shape  as  the  body  of  the  animal  or 
plant.  When  the  hole  was  filled  with 
more  material,  it  made  a mold  of  the 
animal  or  plant.  Then  the  material 
was  changed  into  rock  along  with  the 
materials  around  it.  Scientists  have 
found  many  different  kinds  of  mold 
fossils  in  sedimentary  rocks. 

On  the  right  is  a piece  of  amber  that  has  an 
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You  can  understand  how  fossil 
prints  and  molds  were  made  if  you 
do  this  experiment.  Moisten  some 
clay  and  work  it  with  your  fingers 
until  it  is  soft  and  smooth.  Then  lay 
a shell  or  a leaf  on  the  clay.  Press 
it  down  until  it  makes  a print  in  the 
clay.  Lift  the  shell  or  leaf  out  care- 
fully and  set  the  clay  in  the  sun.  When 
the  clay  hardens,  you  will  have  a print 
like  a fossil  print.  Now  mix  some 
plaster  of  Paris  with  a little  water  and 
pour  the  mixture  into  the  print.  When 
the  plaster  hardens,  you  can  lift  it  out 
of  the  clay.  You  will  have  a mold  of 
the  shell  or  leaf  that  is  like  a mold 
fossil. 

Fossils  show  us  what  living  things 
were  like  long  ago.  They  are  records 
of  the  far-off  past.  Scientists  have  dis- 
covered thousands  and  thousands  of 
fossils  in  all  parts  of  the  world,  and 
every  year  they  hunt  for  more.  Along 


a roadside  in  Iowa,  a scientist  found 
over  10,000  fossils  of  small  animals. 
Scientists  once  dug  into  a hill  in  Ne- 
braska and  found  more  than  15,000 
fossil  skeletons  of  mammals.  Giant 
ferns  left  fossil  prints  in  limestone, 
shale,  and  coal.  Some  cycads  were 
buried  under  the  soil  and  were  petri- 
fied. They  were  changed  into  stone. 

After  scientists  find  a fossil,  they 
usually  send  it  to  a museum.  They 
sometimes  have  to  spend  hours  care- 
fully chipping  bits  of  rock  away  from 
the  fossil.  If  the  fossil  is  made  of 
many  different  bones,  they  must  fit 
the  bones  together  in  the  right  way. 
Then  they  can  see  what  the  skeleton 
of  the  animal  looked  like. 

The  picture  on  page  277  shows  a 
room  in  a museum  where  the  fossils 
of  animals  and  plants  are  kept.  You 
can  see  the  skeletons  of  giant  reptiles 
that  once  roamed  over  the  earth.  In 
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the  museum,  there  are  many  other 
fossils.  Some  were  made  by  small  ani- 
mals that  crawled  about  in  the  mud 
at  the  bottom  of  the  ocean.  Some  were 


made  by  queer  reptiles  and  birds  that 
flew  about  in  strange  trees.  Others 
were  made  by  plants  that  lived  long, 
long  ago. 


1.  Explain  what  a fossil  is.  Then  give  at  least  four  different  ways 

in  which  fossils  are  made. 

2.  How  do  we  know  what  living  things  were  like  long  ago? 

3.  A scientist  might  learn  what  some  plants  looked  like  350  million 

years  ago  hy  studying  a lump  of  coal.  How  could  he  do  this? 

4.  Is  this  statement  correct?  Explain  your  answer. 

A fossil  is  the  body  of  a dead  animal  or  plant. 

What  have  scientists  discovered  by  studying  fossils? 


Scientists  spend  a great  deal  of 
time  studying  fossils  because  they 
can  learn  many  things  about  the  far- 
off  past.  Of  course,  the  fossils  them- 
selves show  what  animals  and  plants 
were  like  many  years  ago.  But  that 
is  not  all  that  they  do.  By  studying 
fossils,  scientists  have  learned  much 
about  the  earth’s  history. 

They  have  found  out  about  changes 
in  the  earth’s  surface.  They  have 
learned  how  the  land  and  the  water 
changed.  They  have  also  discovered 
how  the  climate  of  different  parts  of 
the  earth  changed  as  the  years  went 
by.  As  you  probably  know,  climate 
means  the  kind  of  weather  that  a place 
usually  has.  When  the  climate  of  a 
place  changes,  the  plants  and  animals 
often  change,  too.  As  scientists  studied 
the  fossil  record,  they  learned  many 
things  about  the  earth,  its  climate, 
and  its  living  things. 


Scientists  have  found  fossils  of 
giant  ferns,  cycads,  and  other  plants 
as  far  north  as  Greenland.  You  know 
that  almost  all  of  this  big  island  is  now 
covered  with  a thick  layer  of  ice.  But 
scientists  are  sure  that  it  was  once  cov- 
ered with  growing  plants.  The  fossils 
show  that  the  climate  of  Greenland 
has  changed  greatly  since  these  plants 
lived  there.  Long,  long  ago,  Green- 
land must  have  been  much  warmer 
than  it  is  today. 

In  Michigan,  scientists  have  dug  up 
parts  of  coral  islands.  Corals  are 
small  sea  animals  that  can  live  only 
in  warm,  salt  water.  So  the  land 
where  the  coral  islands  were  discov- 
ered must  once  have  been  under 
warm,  salt  water.  The  sea  that  cov- 
ered this  land  must  have  been  very 
different  from  the  cool,  fresh  water  in 
the  Great  Lakes.  It  must  have  been 
warm  and  salty  like  the  South  Seas 
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This  huge  fish  lived  300  million  years  ago.  The  skull  was  found  near  Cleveland,  Ohio. 
Fossils  such  as  this  tell  scientists  that  this  part  of  our  country  was  once  deep  under  water. 


of  the  Pacific  Ocean,  where  corals  live 
today.  Corals  also  live  in  the  warm 
waters  of  the  Atlantic  Ocean. 

Fossils  not  only  show  how  the  cli- 
mate of  places  on  the  earth  has 
changed.  They  also  show  how  the 
earth’s  surface  has  changed.  You  re- 
member the  fossil  fish  shown  on  page 
85.  This  fish  must  have  lived  in  the 
ocean  millions  of  years  ago.  Yet  it  was 
found  high  up  on  a mountain,  many 
miles  from  salt  water.  In  the  far-off 
past,  the  part  of  the  earth’s  surface 
where  this  fossil  was  found  must  have 
been  under  the  ocean.  Many  years 
later,  this  part  of  the  earth  was 
pushed  up.  Then  the  water  ran  off, 
and  the  land  is  now  dry. 

In  many  places  on  the  earth,  scien- 
tists have  studied  the  history  of  living 
things  in  the  “book”  of  rocks.  They 


have  examined  the  rocks  in  the  Grand 
Canyon  of  the  Colorado  River.  Here 
the  water  of  the  river  has  cut  down 
through  the  soil  and  rock  for  over 
a mile  into  the  earth.  Of  course,  it 
took  the  water  millions  of  years  to  do 
this.  As  it  cut  down  through  the  rock, 
it  uncovered  layer  after  layer  of  rocks 
made  millions  of  years  ago.  In  these 
rock  layers,  scientists  have  found  the 
fossils  of  animals  and  plants  that  lived 
long,  long  ago. 

Some  of  the  rock  layers  are  much 
older  than  others.  The  oldest  rocks 
are  usually  found  in  the  bottom  lay- 
ers, and  the  newest  ones  are  near  the 
top.  You  already  know  why  this  is 
true.  As  water  carried  mud  and  sand 
into  the  oceans,  these  rock  layers  were 
slowly  built  up.  Year  after  year,  sand, 
mud,  bones,  and  shells  settled  to  the 
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bottom.  After  a long  time,  these  ma- 
terials were  pressed  into  rock.  All  the 
kinds  of  sedimentary  rocks  were 
made  in  this  way. 

After  a layer  of  rock  had  been 
formed  under  water,  a strange  thing 
often  happened.  The  land  was  pushed 
up,  and  the  water  ran  off  into  lower 
places.  The  rock  layer  was  left  on 
dry  land.  Then,  after  millions  of  years, 
water  again  covered  this  land.  Once 
more,  a new  layer  of  rock  was  slowly 
formed.  In  this  layer  were  the  fossils 
of  that  time.  The  land  rose  and  sank 
many,  many  times.  Each  time,  a new 
layer  of  sedimentary  rock  was  formed. 
Scientists  can  easily  tell  the  different 
layers  of  rock,  because  they  have  dif- 
ferent colors  and  different  fossils.  A 
scientist  has  no  trouble  telling  where 
one  layer  of  rock  ends  and  another 
begins. 

During  millions  and  millions  of 
years,  many  layers  of  rock  were 


formed  where  the  Colorado  River 
flows.  As  the  river  flowed  along,  its 
water  cut  down  through  these  layers 
of  rock.  It  cut  deeper  and  deeper 
until  after  millions  of  years  it  made 
a canyon  over  5000  feet  deep.  On  the 
sides  of  the  canyon,  you  can  see  the 
different  rock  layers.  Many  other 
places  show  the  same  kinds  of  rock 
layers.  The  oldest  layers  afe-usually 
found  at  the  bottom  and  the  newest 
layers  near  the  top.  Perhaps  you  have 
seen  different  layers  of  rock  in  the 
steep  banks  of  a river  or  in  the  sides 
of  a gravel  pit. 

Sometimes  an  older  layer  of  rock 
is  found  on  top  of  a newer  layer. 
When  scientists  see  this,  they  know 
what  must  have  happened.  Some 
great  force  must  have  folded  the  older 
layer  over  the  newer  one.  Scientists 
are  sure  that  this  happened,  because 
they  find  the  fossils  of  the  first  ani- 
mals and  plants  in  the  oldest  layers 
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of  rock.  The  fossils  that  you  see  in  the 
picture  on  this  page  came  from  some 
of  the  oldest  rock  layers.  They  are 
shell  animals  that  lived  in  water  500 
million  years  ago. 

Now  you  can  understand  why  sci- 
entists study  fossils.  The  fossils  tell 
the  history  of  animals  and  plants.  If 
scientists  had  never  found  these  fos- 
sils, we  would  not  know  what  living 


things  of  long  ago  looked  like.  We 
would  not  know  that  living  things 
have  changed.  If  you  look  at  the  pic- 
ture of  some  of  the  first  birds  on  page 
275,  you  can  see  that  they  are  very 
different  from  the  birds  of  today.  Also 
look  at  the  picture  of  the  first  trees 
on  page  272.  It  is  easy  to  see  that 
these  trees  are  quite  different  from 
the  trees  we  have  now. 


1.  How  do  scientists  know  that  Greenland  was  once  much  warmer 

than  it  is  now? 

2.  Part  of  Michigan  was  once  under  warm , salt  water.  How  do  scien- 

tists know  that  this  must  he  true? 

3.  What  have  scientists  learned  hy  studying  fossils? 

4.  How  do  places  like  the  Grand  Canyon  of  the  Colorado  River  help 

scientists  discover  the  history  of  living  things? 

5.  Why  are  the  oldest  rocks  usually  found  in  the  bottom  layers? 

6.  What  would  scientists  know  if  they  found  these  things? 

a ) The  fossil  of  a sea  animal  on  top  of  a mountain, 
h)  Fossils  of  sea  animals  and  water  plants  in  a desert. 

c ) Corals  in  the  rocks  of  the  far  north. 

d ) Fossil  ferns  under  a thick  layer  of  ice. 
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How  have  animals  and  plants  changed? 


You  have  learned  that  animals 
and  plants  did  not  always  look  as 
they  do  today.  They  have  changed 
greatly  since  the  first  living  things  ap- 
peared on  the  earth  hundreds  of  mil- 
lions of  years  ago.  When  scientists 
tell  about  the  changes  in  living  things, 
they  say  this,  “In  the  beginning,  liv- 
ing things  were  very  simple.  Little 
by  little,  they  became  more  complex .” 
Let  us  see  what  this  means. 

Animals  and  plants  are  divided  into 
several  groups  according  to  their 
structure.  Fish  belong  to  one  of  these 
groups.  Amphibians,  reptiles,  birds, 
and  mammals  belong  to  other  groups. 
All  the  animals  in  these  groups  have 
many,  many  parts  in  their  bodies. 
They  have  bones,  muscles,  and  many 
other  parts.  And  all  of  the  animals  in 
these  five  groups  have  backbones.  If 
you  look  at  a fish,  an  amphibian,  a 
reptile,  a bird,  or  a mammal,  you  will 
find  that  each  one  has  a backbone. 


But  there  are  many  kinds  of  ani- 
mals that  do  not  have  backbones.  In- 
sects, spiders,  crayfish,  crabs,  jelly- 
fish, sponges,  and  hundreds  of  other 
kinds  of  animals  have  no  backbones. 
Also,  these  animals  do  not  have  so 
many  parts  in  their  bodies.  Their 
bodies  are  simpler  than  the  bodies  of 
animals  with  backbones.  Some  kinds 
of  animals  are  so  simple  that  each  one 
is  made  of  only  one  cell! 

On  this  page  are  some  pictures  that 
will  help  you  see  how  animals  have 
different  structures.  Can  you  find  the 
simplest  animal  that  is  shown?  It  is 
called  an  amoeba.  If  you  compare  it 
with  a bird  or  a mammal,  you  will  see 
how  a simple  animal  is  different  from 
a more  complex  one.  The  simple  ani- 
mal has  only  one  part  or  just  a few 
parts  in  its  body.  The  more  complex 
animal  has  many  parts  in  its  body. 
Scientists  believe  that  the  first  ani- 
mals had  bodies  with  only  one  part. 


As  millions  of  years  went  by,  new 
kinds  of  animals  with  more  parts  in 
their  bodies  appeared  on  earth.  The 
bodies  of  animals  became  more  com- 
plex. 

All  of  the  fossil  animals  found  in 
the  oldest  layers  of  rock  were  very 
simple  animals.  They  had  no  back- 
bones. Some  of  them  had  no  hard 
parts  at  all.  So  they  did  not  leave  very 
clear  records  of  themselves.  Many  of 
these  simple  animals  kept  on  having 
young  year  after  year,  and  they  did 
not  change.  But  some  of  these  animals 
seem  to  have  changed  and  become 
more  complex. 

In  the  layers  just  above  the  oldest 
rocks,  scientists  find  animals  that  are 
more  complex  than  the  first  animals. 
When  you  took  your  imaginary  hike 
500  million  years  ago,  you  saw 
sponges,  jellyfish,  and  animals  like 
snails  in  the  water.  These  are  all  fairly 
simple  animals,  but  they  are  more 
complex  than  the  animals  in  the  oldest 


layers  of  rock.  They  have  more  parts 
in  their  bodies. 

Scientists  find  fossils  of  the  earliest 
fish  in  the  next  layers  of  rock.  On 
your  imaginary  hike  350  million  years 
ago,  you  saw  a great  many  fish.  When 
scientists  compared  the  fossils  of  these 
fish  with  the  fossils  of  earlier  animals, 
they  found  that  the  fish  had  a new 
part  in  their  bodies.  This  part  was  a 
backbone.  Fish  were  the  first  animals 
to  have  backbones.  From  that  time 
on,  many  of  the  new  animals  that 
appeared  had  backbones. 

During  this  very  early  time,  there 
were  no  land  animals.  Then  fish  with 
both  lungs  and  gills  appeared.  They 
could  breathe  both  in  water  and  in 
air.  You  remember  reading  about  the 
fish  with  fins  like  legs.  In  the  layers 
of  rock  above  where  these  fish  are 
found,  scientists  find  fossils  of  the  first 
amphibians.  Amphibians  were  the 
first  animals  to  crawl  out  of  the  water 
and  live  on  land.  Scientists  believe 


One  of  the  first  amphibians  probably  looked  something  like  a fish  with  legs. 
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that  they  developed  from  fish  that  had 
lungs  and  fins  like  legs. 

The  first  animals  that  began  to  live 
on  land  spent  part  of  their  life  in 
water  and  part  on  land.  You  know 
that  all  amphibians  still  do  this.  You 
have  probably  watched  a tadpole 
change  from  a water  animal  into  a 
land  animal.  A tadpole  hatches  from 
an  egg  that  was  laid  in  water.  At  first, 
it  has  gills  and  no  legs.  It  can  live 
only  in  water.  Then  it  grows  lungs 
and  legs.  At  last,  it  becomes  a frog  or 
a toad  that  can  live  on  land. 

You  can  understand  how  much  any 
water  animal  had  to  change  before  it 
could  become  a land  animal.  It  had  to 
have  new  and  different  parts  so  that 
it  could  breathe  and  move  around  on 
land.  Gills  would  be  useless  for 
breathing  on  land,  and  fins  would  be 
useless  for  traveling  on  land.  The  first 
land  animals  had  to  grow  lungs  in 
place  of  gills  and  legs  in  place  of  fins. 
Many  other  changes  took  place  in  the 


bodies  of  all  animals  that  left  the 
water  and  began  to  live  on  land. 

After  the  amphibians  had  lived  on 
earth  for  millions  of  years,  the  first 
reptiles  appeared.  Scientists  discov- 
ered this  by  studying  the  different  lay- 
ers of  rock.  At  one  time,  the  reptiles 
were  the  most  important  animals  on 
earth.  Scientists  believe  that  reptiles 
developed  from  amphibians.  The  am- 
phibians had  moist,  smooth  skins. 
They  still  spent  part  of  their  lives  in 
water.  The  reptiles  had  dry,  scaly 
skins.  And  they  spent  most  of  their 
lives  on  land.  The  scaly  skins  kept 
their  bodies  from  drying  out. 

Millions  of  years  later,  a new  kind 
of  animal  appeared  on  the  earth.  It 
was  a flying  reptile  like  the  one  in  the 
picture  on  page  275.  With  its  wings, 
it  could  glide  through  the  air.  The 
first  birds  had  teeth  like  those  of  some 
reptiles.  Scientists  believe  that  birds 
developed  from  reptiles  in  some  way. 
Feathers  are  made  from  the  same  ma- 


This  animal  is  called  a fish-reptile  because  it  is  partly  like  a fish  and  partly  like  a reptile. 
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These  are  the  fossils  of  ferns  that  lived  millions  of  years  ago. 


terial  as  scales.  So  the  feathers  of  a 
bird  could  have  developed  from  the 
scales  of  a reptile.  Of  course,  this 
wonderful  change  and  all  the  other 
changes  you  are  reading  about  took 
millions  of  years.  These  changes  did 
not  happen  in  just  a few  years. 

Scientists  believe  that  mammals 
also  developed  from  earlier  animals. 
As  you  know,  all  mammals  have  hair 
or  fur  on  some  parts  of  their  skin. 
Hair  or  fur  is  made  of  the  same  ma- 
terial as  the  scales  of  a reptile.  So  sci- 
entists think  that  mammals  probably 
developed  from  reptiles,  as  birds  did. 
Of  course,  scientists  have  many  other 
reasons  for  believing  that  the  first 
mammals  developed  from  reptiles, 
too.  Then  the  first  mammals  changed 
during  millions  of  years  until  they 
became  like  the  mammals  of  today. 


You  know  that  fish,  amphibians, 
reptiles,  birds,  and  mammals  all  have 
backbones.  Fish  live  in  water  and 
breathe  with  gills.  Young  amphib- 
ians do,  too.  Then  they  develop  lungs 
and  legs  and  crawl  out  on  land.  Rep- 
tiles, birds,  and  mammals  all  have 
lungs.  Fish,  amphibians,  and  reptiles 
are  all  cold-blooded.  But  birds  and 
mammals  are  warm-blooded.  Fish, 
amphibians,  and  most  reptiles  hatch 
from  eggs.  But  some  snakes  and  most 
mammals  are  born  alive.  You  see  that 
these  groups  of  animals  are  alike  in 
some  ways  but  different  in  others. 

When  scientists  compare  fossil  ani- 
mals with  the  animals  of  today,  they 
find  that  none  of  the  fossils  is  exactly 
like  any  living  animal.  So  they  are 
sure  that  the  animals  must  have 
changed,  little  by  little,  until  they  be- 
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came  like  the  ones  we  have  now.  A 
careful  study  of  fossils  seems  to  show 
that  the  more  complex  animals  devel- 
oped from  the  simplest  animals.  Fish 
with  backbones  seem  to  have  devel- 
oped from  simple  animals  without 
backbones.  The  amphibians  seem  to 
have  developed  from  fish,  and  the  rep- 
tiles from  the  amphibians.  Birds  and 
mammals  also  seem  to  have  developed 
from  earlier  animals.  Probably  these 
animals  were  reptiles. 

Plant  fossils  also  show  that  plants 
have  changed  greatly  since  they  first 
appeared  on  earth.  The  earliest  plants 
were  very  simple,  just  as  the  earliest 
animals  were  very  simple.  The  first 
plants  were  made  of  just  one  cell.  You 
would  hardly  think  that  they  were 
plants,  because  they  were  so  small.  Of 
course,  they  had  no  leaves,  stems, 
roots,  flowers,  or  seeds.  They  were 
very  simple,  one-celled  plants  some- 


what like  the  bacteria  and  yeasts  of 
today.  And  they  made  new  plants  in 
much  the  same  way.  A cell  grew,  and 
then  it  divided  to  make  a new  plant. 

Ferns,  mosses,  and  other  kinds  of 
plants  seem  to  have  developed  from 
these  tiny  one-celled  plants.  Mosses 
are  made  of  many  cells,  but  they  do 
not  have  stems  or  flowers.  They  grow 
from  spores  instead  of  seeds.  Ferns 
grow  from  spores,  too.  They  have 
stems  but  no  flowers.  At  last,  plants 
with  flowers  and  seeds  appeared  on 
the  earth.  Scientists  believe  that  these 
plants  developed  from  simpler  plants, 
such  as  ferns. 

A careful  study  of  all  the  fossils  that 
scientists  have  found  seems  to  show 
one  thing.  The  more  complex  animals 
and  plants  of  today  developed,  little 
by  little,  from  much  simpler  living 
things.  Of  course,  it  took  millions  and 
millions  of  years  for  this  to  happen. 


1.  Which  of  these  animals  do  scientists  think  developed  first?  Explain 

why  they  think  so. 

Fish  One-celled  animals  Reptiles  Amphibians  Mammals 
Birds 

2.  How  have  plants  changed  since  they  first  appeared  on  earth? 

3.  Explain  what  this  statement  means . The  more  complex  animals 

and  plants  seem  to  have  developed  from  simpler  living  things. 

4.  What  changes  had  to  take  place  in  the  bodies  of  water  animals 

before  they  could  live  on  land? 

5.  Why  do  scientists  believe  that  the  living  things  of  today  developed 

from  the  living  things  of  long  ago?  Give  as  many  reasons  as 
you  can. 

6.  Study  the  picture  of  the  horses  on  page  276.  How  are  the  horses 

of  today  different  from  those  of  long  ago? 
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Much  of  the  earth  covered  with  sea. 
Some  land  pushed  up  above  sea. 
Weather  damp. 


I 


Why  have  some  kinds  of  living  things  disappeared  from  the  earth? 


During  millions  of  years,  animals 
and  plants  have  changed  greatly. 
Many  new  kinds  of  living  things  have 
appeared  on  the  earth,  and  many  old 
kinds  have  disappeared  forever.  You 
know  that  the  earth  itself  has  changed 
during  all  these  millions  of  years. 
Huge  seas  that  covered  the  land  have 
disappeared.  In  some  places,  the  land 
has  been  pushed  up.  Then  the  water 
has  run  down  to  lower  places  to  make 
new  seas. 

The  temperature  of  the  earth  has 
changed,  too.  Cold  parts  of  the  earth 
became  warmer,  and  warm  parts  be- 
came colder.  Huge  glaciers  covered 
much  of  the  land  with  a thick  layer 
of  ice.  Then  the  glaciers  melted,  and 
the  water  ran  off  into  lakes  and  seas. 
Changes  in  the  temperature  made  the 
climate  change  in  many  places.  Jun- 
gles became  deserts. 

These  changes  in  the  land,  the 
water,  the  temperature,  and  the  cli- 
mate on  the  earth  made  it  necessary 
for  living  things  to  change.  They  had 
to  change,  or  they  could  not  stay  alive. 
Scientists  say  that  living  things  had 
to  become  adapted  to  their  new  sur- 
roundings. There  were  only  three 
things  that  could  happen  to  animals 
and  plants  when  their  surroundings 
changed.  Let  us  see  what  these  three 
things  were. 

1.  Their  bodies  could  change  so 
that  they  could  stay  alive  in  their  new 
kinds  of  homes. 


2.  They  could  travel  to  another 
place  that  was  much  like  their  old 
kind  of  home. 

3.  They  could  die  if  they  could  not 
change  or  move  away. 

First,  let  us  see  how  their  bodies 
could  change  so  that  they  could  stay 
alive  in  their  new  homes.  Much  of  the 
land  was  covered  with  water  500  mil- 
lion years  ago.  All  animals  and  plants 
lived  in  the  water.  There  were  no  liv- 
ing things  on  the  land.  Then  the  land 
was  slowly  pushed  up.  Some  of  the 
seas  became  much  shallower,  and 
others  dried  up  entirely.  Living  things 
had  to  become  adapted  to  their  new 
homes,  or  they  would  die. 

You  remember  that  some  fish  de- 
veloped lungs  as  well  as  gills.  These 
fish  could  breathe  in  water.  In  very 
shallow  water,  they  could  come  to  the 
surface  and  breathe  in  air.  Other  fish 
developed  fins  almost  like  legs.  They 
could  crawl  around  in  shallow  water 
where  there  was  not  enough  water  for 
swimming.  You  know  that  amphib- 
ians developed  lungs  and  legs.  Then 
they  crawled  out  of  the  water  and 
lived  on  land.  They  had  become 
adapted  to  their  new  homes.  Water 
plants  also  changed  and  became 
adapted  to  living  in  shallow  water  or 
on  dry  land.  Of  course,  it  took  mil- 
lions of  years  for  these  changes  to 
happen. 

Amphibians  usually  live  where  the 
land  is  wet.  The  hot  sun  would  soon 
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dry  up  their  moist,  smooth  skins.  But 
reptiles  have  dry,  scaly  skins  that  are 
thick  and  tough.  They  can  live  where 
the  land  is  dry.  As  the  land  was 
pushed  up,  the  reptiles  were  better 
adapted  to  their  new  homes  than  the 
amphibians  were.  Some  plants  were 
also  better  adapted  than  others.  A 
plant  that  grew  in  a swamp  could  not 
live  on  dry  land  unless  its  body 
changed. 

Birds  and  mammals  are  warm- 
blooded, and  their  bodies  are  covered 
with  feathers  or  fur.  But  fish,  amphib- 
ians, and  reptiles  are  cold-blooded.  In 
cold  weather,  they  become  less  active. 
They  may  even  stop  moving  and  go 
to  sleep.  So  when  the  climate  became 
colder,  the  birds  and  mammals  were 
better  adapted  to  the  new  conditions. 
Some  plants  also  have  bodies  that  are 
adapted  to  living  in  cold  weather. 
When  cold  weather  comes,  they  lose 
their  leaves,  and  the  sap  runs  down 
into  the  roots. 

The  second  thing  that  living  things 
could  do  when  their  homes  changed 
was  to  travel  to  another  place.  Of 
course,  plants  cannot  travel.  But 
their  spores  and  seeds  can  travel. 
They  are  blown  along  by  the  wind 
and  carried  by  animals.  Fish  and 
many  other  water  animals  can  swim 
to  new  homes.  Land  animals  can  walk 
or  crawl  to  another  place.  Birds  can 
fly  to  another  place.  You  know  that 
many  birds  migrate  in  the  spring 
and  the  autumn.  If  the  weather  is  too 
cold  where  they  are  living,  they  fly  to 


a warmer  place.  Many  animals  mi- 
grated to  new  homes  when  the  climate 
changed. 

But  some  kinds  of  living  things 
could  not  become  adapted  to  the 
changes  that  took  place  around  them. 
They  did  not  migrate  to  new  homes. 
So  they  did  the  third  thing  that  they 
could  do.  They  died.  Of  course,  they 
did  not  all  die  in  one  year  or  even  in 
a hundred  years.  The  changes  in  their 
surroundings  usually  took  place  very 
slowly.  Most  of  the  big  changes  took 
millions  of  years. 

You  know  that  dinosaurs  and  other 
huge  reptiles  were  once  the  common- 
est animals  on  the  earth.  Now  they 
are  gone.  They  disappeared  more 
than  100  million  years  ago,  and  only 
their  fossils  are  left.  Scientists  do  not 
know  exactly  why  these  animals  died 
out.  There  were  probably  several 
reasons.  Many  of  these  reptiles  be- 
came very  big  and  heavy.  They 
needed  a great  deal  of  food  to  stay 
alive.  As  the  climate  became  colder, 
they  may  have  become  less  active. 
Then  they  could  not  get  enough  to 
eat.  Small  mammals  that  were  living 
then  may  have  eaten  their  eggs.  Jun- 
gles, deserts,  mountains,  and  seas 
probably  kept  many  of  them  from 
moving  to  new  homes.  An  epidemic 
of  some  disease  may  have  killed  mil- 
lions of  them.  Whatever  the  reasons 
were,  these  reptiles  disappeared  com- 
pletely. 

Many  other  kinds  of  living  things 
have  died  out,  too.  You  read  about  the 
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Millions  of  years  ago,  this  tree  trunk  was  part  of  a forest.  The  forest  was  gradually 
changed  to  a bed  of  coal.  Miners  digging  the  coal,  found  the  stump  in  the  mine. 


fossils  of  mammoths  that  once  lived 
on  the  earth.  There  are  no  mammoths 
living  now.  The  huge,  treelike  ferns 
from  which  coal  was  made  are  also 
gone.  They  grew  in  swamps  where 
the  climate  was  warm.  At  one  time, 
there  were  forests  of  these  ferns  grow- 
ing in  Alaska  and  near  the  South 


Pole!  The  climate  of  these  places 
must  have  been  much  warmer  than 
it  is  now.  When  it  became  colder,  the 
plants  died  out.  They  were  not 
adapted  to  the  cold.  They  did  not 
change,  and  they  could  not  move  to 
a new  home.  So  they  did  the  only 
thing  that  they  could  do.  They  died. 


1.  When  changes  take  place  in  some  part  of  the  earth,  what  are  the 

three  things  that  animals  and  plants  can  do?  Tell  how  some 
animal  or  plant  might  do  each  one  of  these  things. 

2.  Find  two  pictures  in  this  unit  which  show  that  living  things  have 

changed.  Explain  what  the  pictures  show. 

3.  Name  three  different  changes  in  the  earth  that  made  it  necessary 

for  living  things  to  change. 

4.  Explain  what  this  statement  means.  Living  things  had  to  become 

adapted  to  new  surroundings. 
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QUESTIONS  TO  ANSWER 


1.  Do  you  think  that  fossils  are  be- 
ing formed  today?  Give  your  reasons. 

2.  Why  do  scientists  call  certain 
times  in  the  history  of  living  things  the 
Age  of  Fishes,  the  Age  of  Reptiles,  and 
the  Age  of  Mammals? 

3.  How  were  the  first  birds  different 
from  the  birds  of  today? 

4.  How  do  the  different  layers  of 
rock  tell  scientists  which  fossils  are 
older  than  others? 


5.  Fossils  are  found  in  sedimentary 
rocks  but  not  in  igneous  rocks.  Explain 
why  this  is  so. 

6.  Scientists  sometimes  use  the  fos- 
sils that  they  find  in  layers  of  rock  to 
tell  whether  one  layer  is  older  than 
another.  How  do  you  think  that  they 
do  this? 

7.  What  may  happen  to  the  living 
things  in  a swamp  if  the  water  is 
drained  from  the  swamp? 


THINGS  TO  DO 


1.  Read  more  about  the  tar  pits  near 
Rancho  La  Brea,  California.  Learn  the 
names  of  some  of  the  fossil  animals 
found  there. 

2.  Look  for  fossils  in  gravel  pits  and 
other  places  near  your  home.  If  you 
find  fossils,  take  them  to  school. 

3.  Read  about  the  Petrified  Forests 
in  Arizona. 

4.  If  there  is  a museum  near  your 
home,  try  to  visit  it  and  see  the  collec- 
tion of  fossils. 

5.  Find  out  how  scientists  think 
coal  and  oil  were  formed. 

6.  Make  a chart  that  shows  the  or- 
der in  which  different  kinds  of  animals 
appeared  on  the  earth. 


7.  Find  out  how  cactus  and  other 
plants  are  adapted  to  live  in  the  dry 
climate  of  a desert. 

8.  Make  a clay  model  of  one  of  the 
old  animals  shown  in  this  unit. 

9.  Go  to  a place  where  a highway 
or  railroad  has  been  cut  through  sev- 
eral layers  of  rock.  See  how  many  dif- 
ferent layers  you  can  find. 

10.  Find  out  what  kinds  of  rocks  are 
found  in  your  community.  What  do 
these  rocks  tell  a scientist  about  your 
community? 

11.  Read  about  Buff  on,  Lamarck, 
Agassiz,  and  other  famous  scientists 
who  have  studied  the  history  of  living 
things. 
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SCIENCE  WORDS 


Can  you  say  the  word  dinosaur? 

Do  you  know  what  it  means? 
You  can  easily  find  out.  Look  in  the 
list  of  science  words  that  begins  on 
this  page.  The  word  dinosaur  is  on 
page  296. 

Notice  that  each  word  in  the  list  is 
printed  two  times.  The  second  time 
shows  you  how  to  say  the  word.  Some 


of  the  letters  have  marks  over  them. 
The  mark  tells  how  the  letter  sounds. 
Look  in  the  list  below  to  see  how  each 
letter  sounds. 

Now  look  at  the  word  biplane  on 
this  page.  The  slanting  mark  ' after 
hi  is  bigger  than  the  slanting  mark 
/ after  plan.  So  you  say  bi  with  more 
force  than  plan. 


a hat,  cap 
a age,  face 
a care,  air 
a father,  far 
e let,  best 
e equal,  see 


er  term,  learn 
i it,  pin 
I ice,  five 
o hot,  rock 
5 open,  go 


6 order,  all 
u cup,  butter 
u full,  put 
ii  rule,  move 
u use,  music 


9 represents: 
a in  about 
e in  taken 
i in  pencil 
o in  lemon 
u in  circus 


ai  ler  on  (a'lar  on) , a movable  flap  on  the 
rear  edge  of  an  airplane  wing, 
allergy  (al'arji),  a disease  caused  by 
unusual  sensitiveness  to  certain  materials, 
altimeter  (altim'itar),  an  instrument 
that  shows  how  high  an  airplane  is  above 
the  earth. 

amoeba  (9 me 'ba),  a very  tiny  animal 
whose  body  is  made  of  just  one  cell, 
annual  (annual),  1.  living  one  year. 
2.  a plant  that  lives  one  year, 
antitoxin  (an'ti  tok'sin),  a material 
made  in  the  blood.  It  changes  toxins 
and  makes  them  harmless. 

Arc  tu  rus  (ark  tur 'as  or  ark  tur 'as) , a 

very  bright  star  in  the  northern  sky. 


armature  (ar'machar),  the  part  of  an 
electrical  device  that  is  moved  by  an 
electromagnet. 

ba  rom  e ter  (ba  rom'i  tar) , an  instrument 
that  measures  the  weight  of  the  air. 
biennial  (bien'ial),  1.  living  two  years. 
2.  a plant  that  lives  two  years, 
biplane  (bi'plan'),  an  airplane  that  has 
two  pairs  of  wings. 

circuit  (ser'kit),  the  path  that  an  elec- 
tric current  follows. 

cirrus  (sir 'as),  a high  cloud  that  may 
look  like  little  curls  or  tufts,  threads  or 
feathers.  It  is  made  of  tiny  bits  of  ice. 
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climate  (kll^mit),  the  kind  of  weather 
that  a place  usually  has. 
comet  (kom^it),  a bright  object  in  the 
sky  that  moves  around  the  sun  in  a long, 
oval  orbit. 

complex  (kom'pleks  or  kompleks/), 
made  up  of  a number  of  parts;  not  simple, 
conductor  (kanduk^tar),  a material 
through  which  an  electric  current  will 
flow. 

corpuscle  (kor^pusal),  a cell  that  floats 
in  the  blood.  White  corpuscles  kill  germs 
by  eating  them. 

crater  (kra^tar),  the  hollow  place  in  the 
top  of  a volcano.  It  is  shaped  like  a 
bowl. 

cu  mu  lus  (ku^mu  las) , a cloud  that  looks 
like  a white  puff  of  cotton  or  wool, 
cycad  (sl'kad),  a tree  that  has  a cluster 
of  femlike  leaves  at  the  top. 

Daedalus  (ded^las  or  deAdalas),  a man 
in  an  old  story  who  made  wings  for  flying, 
de-ic  er  (deis^ar),  a device  for  removing 
ice  on  the  wings  and  tail  of  an  airplane, 
dinosaur  (dl^nasor),  one  of  the  reptiles 
that  lived  on  earth  about  150  million 
years  ago. 

e clipse  (i  klips'),  a darkening  of  the  sun 
or  the  moon.  The  moon’s  shadow  causes 
an  eclipse  of  the  sun.  The  earth’s 
shadow  causes  an  eclipse  of  the  moon, 
elec  tro  mag  net  (i  lek'tro  mag ''nit) , a 

piece  of  iron  that  becomes  a magnet 
when  an  electric  current  flows  through  a 
wire  wound  around  it. 
elevator  (el  A va'tar),  the  flat  part  that 
can  be  moved  up  and  down  in  the  tail 
of  an  airplane. 

ep  i dem  ic  (ep'i  dem'ik) , a rapid  spread- 
ing of  a disease  so  that  many  people  have 
it  at  the  same  time. 

erosion  (iro'zhan),  wearing  away  of 
the  earth’s  surface. 


filament  (fil'amant),  the  part  of  an 
electric-light  bulb  that  gets  hot  and 
gives  light.  It  is  usually  a very  thin 
coil  of  tungsten  wire, 
flu  o res  cent  (flii'a  resent) , able  to  give 
light  when  struck  by  certain  rays, 
focus  (fo'kas),  1.  adjust  (a  lens)  so  as 
to  make  a clear  picture.  2.  the  adjust- 
ment of  a lens  that  makes  a clear  picture, 
fossil  (fossil),  the  hardened  remains  of 
any  animal  or  plant. 

fruit  (friit),  the  part  of  a plant  that 
contains  the  seeds. 

fumigate  (fuAnigat),  treat  with  a poi- 
sonous gas  to  kill  germs, 
fuse  (fuz),  the  part  of  an  electric  circuit 
that  melts  and  opens  the  circuit  when  the 
current  gets  too  strong, 
fuselage  (fu'zalij  or  fu'zalazh'),  the 
body  of  an  airplane. 

gal  ax  y (gal'ak  si) , a huge  group  of  stars. 
Galileo  (gal'ile'o),  a famous  scientist 
who  lived  in  Italy  about  350  years  ago. 
germicide  (jer'inisid),  a chemical  that 
kills  germs. 

glacier  (gla'shar),  a huge  sheet  of  ice 
that  covers  the  land. 

glid  er  (glider),  an  airplane  that  has  no 
engine  or  propeller. 

Halley  (hal'i),  Edmund,  a British  scien- 
tist who  lived  about  250  years  ago. 
hangar  (hangar),  a shed  where  air- 
planes are  kept. 

helicopter  (hel'ikop'tar),  an  airplane 
that  has  a set  of  rotating  blades  on  top 
of  the  fuselage  instead  of  wings, 
hibernate  (hi ''bar nat),  stay  asleep  all 

winter. 

Ic  a rus  (ik'a  ras) , the  son  of  Daedalus, 
igneous  (ig'nias),  formed  by  fire, 
in-line  (in'lin'),  with  the  cylinders  in 
a straight  line. 


296  SCIENCE  WORDS 


insulate  (in 'salat  or  in'sulat),  cover 
with  an  insulator. 

insulator  (in'sala'tar  or  in'sula'tar),  a 
material  through  which  an  electric  cur- 
rent will  not  flow;  a non-conductor. 

i ris  (I'ris),  the  colored  circle  around  the 
pupil  of  an  eye. 

jet  propulsion  (jet  propul'shan),  away 
of  driving  an  airplane  by  a backward  rush 
of  very  hot,  expanding  gases. 

Koch  (kok),  Robert,  a German  scientist 
who  discovered  many  things  about  germs. 

lava  (la'va  or  lav '9),  1.  hot,  liquid  rock 
that  flows  up  out  of  the  earth.  2.  solid 
rock  formed  when  the  liquid  rock  cools 
and  hardens. 

Leeuwenhoek,  van  (la'vanhuk,  van), 
Anton,  a Dutchman  who  invented  the 
microscope. 

lens  (lenz),  a curved  piece  of  glass  that 
bends  rays  of  light. 

light-year  (llt'yer'),  the  distance  that 
light  travels  in  one  year;  about  6,000,- 
000,000,000  miles. 

met  a mor  phic  (met '9  mor'fik) , changed 
by  great  heat  and  pressure. 

migrate  (ml'grat),  go  from  one  place  to 
another.  Many  kinds  of  birds  migrate 
in  the  spring  and  the  autumn. 

monoplane  (mon'aplan),  an  airplane 
that  has  one  pair  of  wings. 

moraine  (maran'),  a ridge  of  broken 
rocks  left  at  the  sides  or  the  end  of  a 
glacier. 

non-conductor  (non'kanduk'tar),  a 
material  through  which  an  electric  cur- 
rent will  not  flow;  an  insulator. 

0 paque  (o  pak') , not  letting  light  through ; 
not  transparent  or  translucent. 

orbit  (or 'bit),  1.  the  path  in  which  a 


planet  or  a comet  travels  around  the  sun. 
2.  the  path  of  a moon  about  a planet. 

Pa  ri  cu  tin  (pa  re  kii  ten') , a new  volcano 
in  Mexico. 

Pasteur  (paster'),  Louis,  a French 
scientist  who  discovered  many  things 
about  germs. 

penicillin  (pen'asil'an),  a powerful 
drug  that  kills  certain  kinds  of  germs. 
It  is  produced  by  a tiny  mold  plant, 
perennial  (paren'ial),  1.  living  more 
than  two  years.  2.  a plant  that  lives 
more  than  two  years, 
periscope  (per'iskop),  an  instrument 
for  seeing  over  or  around  things, 
petal  (pet'al),  one  of  the  parts  of  a 
flower.  Petals  are  usually  colorful. 
Petri  dish  (pe'tri  dish),  a glass  dish 
with  a tight  cover  in  which  bacteria  and 
other  tiny  plants  are  grown, 
petrify  (pet'rifi),  change  into  stone, 
pistil  (pis'til),  one  of  the  parts  of  a 
flower.  It  produces  the  seeds, 
pontoon  (pontiin'),  a boat-shaped  part 
of  an  airplane  that  can  take  off  and  come 
down  on  water. 

prism  (prizm),  a piece  of  glass  with 
slanting  sides.  It  bends  white  light  and 
separates  the  light  into  different  colors, 
pupa,  plural  pupae  (pu'pa,  pu'pe),  the 
third  part  in  the  life  of  some  insects.  A 
larva,  such  as  a caterpillar,  becomes  a 
pupa  and  then  a full-grown  insect. 

quar  an  tine  (kwor'an  ten  or  kwor'an  ten) , 
1.  keep  away  from  others  for  a time  to 
prevent  the  spread  of  a disease.  2.  the 
condition  of  being  quarantined. 

radial  (ra'dial),  with  the  cylinders  ar- 
ranged like  the  spokes  of  a wheel, 
retina  (ret'ina),  delicate  lining  of  the 
eyeball.  When  light  strikes  the  nerves 
of  the  retina,  they  carry  messages  to 
the  brain. 
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rudder  (rud'ar),  the  flat  part  that  can 
be  moved  from  side  to  side  in  the  tail  of 
an  airplane. 

sanctuary  (sangk'chiiar'i),  a place 
where  birds  can  live  safely, 
sanitary  (san'itar'i),  clean  and  free 
from  germs. 

sediment  (sed'imant),  solid  pieces  that 
settle  from  water  and  sink  to  the  bottom, 
sedimentary  (sed'imen'tari),  made 
from  sediment. 

sepal  (se'pal),  one  of  the  parts  of  a 
flower.  Sepals  are  the  thin,  leaflike  parts 
that  cover  a bud  before  it  opens, 
serum  (ser'am),  a liquid  put  into  a 
person’s  body  to  prevent  or  cure  a 
disease.  It  contains  antitoxins  made  in 
the  blood  of  an  animal. 

Sirius  (sir  A as),  the  brightest  star  in 
the  sky  (except  the  sun), 
solar  system  (so'br  sis'tam),  the  sun 
and  all  the  planets,  moons,  comets,  etc., 
that  revolve  around  it. 
stabilizer  (sta'billz'ar),  a flat  part  in 
the  tail  of  an  airplane.  It  helps  keep 
the  airplane  level. 

sta  men  (sta'man),  one  of  the  parts  of  a 
flower.  It  contains  pollen, 
sterilize  (ster'illz),  kill  the  germs  in; 
make  free  from  living  germs, 
stigma  (stigAna),  the  top  of  the  pistil  of 
a flower.  It  receives  the  pollen, 
stratus  (stra'tas),  a low,  gray  cloud  that 
usually  covers  the  whole  sky. 
sulfa  drug  (suKfa  drug),  any  of  a group 
of  powerful  drugs  that  kill  certain  kinds 
of  germs. 

supercharger  (su'p9r  char 'jar),  a spe- 

cial high-speed  pump  used  to  get  more  air 
into  an  engine  or  cabin  of  an  airplane. 

tachometer  (takom'itar),  an  instru- 
ment that  shows  how  fast  an  airplane 
engine  is  going. 


taxi  (tak'si),  move  (an  airplane)  along 
the  ground  by  using  the  engine  and 
propeller. 

toxin  (tok'sin),  a poison  made  by  a 
germ. 

transformer  (trans  for 'mar),  a device 

used  to  control  an  electric  current, 
trans  lu  cent  (trans  lii'sant) , letting  light 
through  but  not  transparent, 
transparent  (transparent),  clear  and 
easily  seen  through. 

tri  plane  (trl'plan'),  an  airplane  that 
has  three  pairs  of  wings, 
turbine  (ter 'bin  or  ter 'bin),  a wheel 

with  slanting  blades.  When  rushing 
water,  steam,  or  air  strikes  the  blades, 
the  wheel  turns  around  very  fast, 
typhus  (tl'fas),  a deadly  disease  whose 
germs  are  spread  by  lice  and  fleas. 

universe  (u'nivers),  everything  in  the 
sky.  The  solar  system  is  only  a small 
part  of  the  universe. 

vaccinate  (vak'sinat),  protect  with 
vaccine;  put  vaccine  into, 
vaccine  (vak'sen  or  vak'sin),  a liquid 
put  into  a person’s  body  to  prevent  small- 
pox or  some  other  disease.  The  vaccine 
makes  the  blood  produce  antitoxins, 
vibrate  (vl'brat),  move  back  and  forth 
very  fast. 

vi  rus  (vl'ras),  a germ  that  is  not  a plant 
or  an  animal.  Viruses  are  so  small  that 
they  cannot  be  seen  with  an  ordinary 
microscope. 

vocal  cords  (vo'kal  kordz),  the  two 
parts  in  the  throat  that  vibrate  and  make 
sounds. 

volcanic  ash  (volkan'ik  ash),  rock  that 
was  blown  to  bits  when  a volcano  erupted, 
volcano  (volka'no),  1.  a hole  in  the 
earth’s  surface  from  which  steam,  ash, 
and  lava  pour  out.  2.  the  sloping,  cone- 
shaped  pile  built  up  around  the  hole. 
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INDEX 


IN  THE  NEXT  FEW  PAGES  is  a list  of 
things  that  your  book  tells  about. 
This  list  is  called  an  index.  You  can 
use  the  index  to  help  you  find  things  in 
your  book. 

Notice  that  all  the  words  beginning 
with  A come  first.  All  words  that  begin 
with  B come  next.  Find  the  words  that 
begin  with  5. 

Suppose  that  you  want  to  find  out 
about  bacteria.  First,  look  for  the  word 
bacteria  in  the  index.  What  pages  in 
your  book  tell  about  bacteria?  Look  at 

Ailerons,  on  airplane,  226*-227*,  236 
Air,  in  vocal  cords,  12-13, 23;  sounds  travel  through, 
15-17,  18-19,  26-29;  condition  of  is  weather,  34-36; 
temperature  of,  36-39;  gravity  pulls  on,  40-43,  75; 
holds  water,  44-47,  48-49,  182-183;  studied  by 
Weather  Bureau,  51-55;  carbon  dioxide  in,  73; 
germs  in.  104,  108;  purifies  water,  114*;  energy  of, 
126;  removed  from  light  bulb,  160;  is  transparent, 
166,  167;  on  Mercury,  198;  on  Mars,  199;  around 
earth,  215,  216,  230,  236;  plants  need,  263 
Air  lines,  232,  233*;  forecasts  for,  56*,  57 
Airplanes,  215-238;  parts  of,  216*;  kinds  of,  216-218; 
keep  up  in  the  air,  219-224;  controlled,  225*-228; 
engines  in,  229-231;  trips  in,  232-238 
Allergy,  causes  of,  99 
Altimeter,  225* 

Amber,  fossil  in,  279* 

Amoeba,  285* 

Amphibian,  plane,  217* 

Amphibians,  257,  258;  of  long  ago,  274,  275,  276; 
fossils  of,  286*-287;  characteristics  of,  288,  289, 
291,  292 

Animals,  make  sounds,  13-14;  bones  of,  64,  de- 
cayed, 66,  113;  fossil,  85,  277-281;  cause  erosion, 
90;  germs  are,  95,  98,  103;  seen  under  microscope, 
96,  175;  disease  in,  97,  107,  oil  from,  158;  need 
green  plants,  190;  come  from  other  animals,  241, 
256-259;  care  for  young,  260-262;  earth  not  over- 


page 96  and  find  out  what  it  tells  you 
about  bacteria.  What  do  pages  97  to  98 
tell  you?  Does  page  112  tell  you  about 
the  different  kinds  of  drugs  that  kill 
bacteria? 

What  are  some  different  kinds  of 
clouds?  Are  there  any  plants  growing 
on  Mars?  Find  the  pages  in  your  book 
that  tell  you. 

A star  after  a number  (like  22*)  means 
that  there  is  a picture  on  that  page. 
What  page  has  a picture  of  sandstone? 
What  pages  have  pictures  of  comets? 

run  with,  263-265;  why  we  conserve,  266-268; 
kinds  of  long  ago,  271-276,  278*,  281-284;  have 
changed,  285*-289,  291-293 
Annuals,  248,  265 

Antitoxin,  vaccine  produces,  110-111 
Appliances,  electrical,  127-129,  133,  136;  safety 
rules  for,  129,  139;  short  circuit  in,  134;  heating 
element  in,  138-139 

Armature,  for  telegraph,  147-149;  for  bell,  149-151; 
in  motor,  151-153 

Automobile,  batteries,  121,  124,  126,  137;  generator 
in,  126;  short  circuit  in,  130-131 
Axis,  of  planets,  196-197,  200,  201 

Backbones,  of  animals,  285,  286,  288,  289 
Bacteria,  96,  289;  cause  diseases,  96-98;  how  to 
grow,  100*-102*,  104;  multiply,  102-103*,  253, 
256,  263;  get  into  body,  104;  killed  by  drugs,  112 
Barometer,  measures  weight  of  air,  51* 

Batteries,  121,  123,  124,  126,  137 

Bears,  care  for  young,  260-261 

Bees,  make  sounds,  14;  carry  pollen,  244* 

Bell,  vibrates,  12,  15-16;  electric,  149*,  150*,  151 
Betelgeuse,  210*,  212 
Biennials,  248,  249*,  265 
Biplanes,  217,  220 

Birds,  make  sounds,  12,  13,  14;  come  from  eggs, 
257-258,  263;  care  for  young,  261*;  we  conserve, 
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266-268;  migrate,  268;  of  long  ago,  275*,  276; 
fossil,  281,  284;  development  of,  287-289,  292 
Blood,  germs  in,  107,  108;  toxins  in,  109;  cells,  109*; 

of  horses  produces  antitoxin,  112* 

Body,  germs  in,  95,  103,  104-107,  108-110,  113; 
yeast  and  mold  plants  in,  98;  made  of  cells,  245; 
parts  of  animals,  285,  286;  changes  in,  287-291 
Bones,  in  ears,  29;  made  rocks,  64,  282;  germs  in, 
108;  of  early  animals,  277*,  285 
Brain,  messages  to,  13,  29-30*,  178-179 
Bud,  flower,  242*;  of  potato,  251*;  on  root,  252; 
bulb  is  a,  252;  yeast,  254* 

Buffalo,  decrease  in  herds,  266 
Bulb,  252*-  253,  256 
Butterfly,  258,  261 

Camera,  lens  in,  173-174 
Canned  sunshine,  190,  191 
Canyon,  73*,  83 

Carbon,  in  a dry  cell,  122*;  in  light,  140,  160 
Carbon  dioxide,  73;  from  yeast,  254 
Carlsbad  Caverns,  73,  74* 

Cells,  blood,  109*;  of  living  things,  175,  245,  285; 
in  onion  skin,  246*;  of  seeds,  246,  248;  bacteria 
made  of,  253,  289;  in  eggs,  257-258*,  259 
Cells,  electric,  122*- 124,  126,  129,  133,  144;  in 
battery,  137,  145 

Chemical  change,  in  limestone,  73;  caused  by 
bacteria,  102;  caused  by  animal  germs,  103;  in 
electric  cells,  122-124,  126 

Chemical  compounds,  in  soil,  74;  help  kill  germs, 
114,  117;  in  a dry  cell,  122 
Chlorine,  to  purify  water,  114 
Circuit,  electric,  127;  closed,  128,  134,  136*,  148, 
149,  150,  151;  breaker,  134-135* 

Cirrus  clouds,  47* 

Click  beetle,  13* 

Climate,  of  earth,  281,  282,  291,  292,  293 
Clouds,  34,  35,  36,  39,  51;  cause  of,  43-47,  45*.  48; 
kinds  of,  46*-47*;  around  Venus,  198-199;  around 
Jupiter,  200 

Coal,  126;  gas  from,  159;  formed  long  ago,  191, 
192*,  193*,  273,  280,  293* 

Colds,  caused  by  virus,  98-99;  spread  of,  104 
Colors,  181-184,  182*;  of  sepals,  242 
Comets,  205*-206* 

Conductors,  131,  138 

Conserve,  living  things,  266-268,  267* 

Contact  point,  in  bell,  150-151 

Control  tower,  airport,  235*,  238 

Copper,  131;  in  wet  cell,  123*;  wire,  134,  138,  147 

Coral,  273;  found  in  Michigan,  281-282 

Corpuscles,  white,  109*,  111,  112 

Crane,  142*,  143,  145 

Crater  Lake,  Oregon,  83,  84* 

Cumulus  clouds,  46* 

Cutting,  grows  new  plant,  250*,  252*;  root,  252 
Cycad,  273*,  280,  281 
Cylinders,  in  airplane  engine,  229-230 
Cypress  tree,  age  of,  265* 


Dam,  helps  prevent  floods,  90;  Grand  Coulee,  124*; 
Hoover,  125* 

DDT,  116*,  215 

Decay,  bacteria  cause,  96,  102;  animals,  113 
Desert,  63*,  291;  on  Mars,  199 
Dew,  49,  59* 

Dinosaurs,  270*,  274*,  275,  292;  tracks,  294* 
Diphtheria,  cause  of,  98,  99*;  spread  of,  106;  serum 
for,  111-112;  quarantine,  116-117 
Disease,  175,  292;  causes  of,  95,  97-99,  103;  virus, 
99;  spread  of,  104-107,  113-117;  prevention  of, 
110-112;  in  eyes,  180 
Dispatcher,  control  tower,  235*,  236,  238 
Drag,  on  an  airplane,  236 
Drugs,  to  kill  germs,  112 

Dry  cell,  122*- 124,  127,  138;  battery,  137;  keep 
from  wearing  out,  145;  runs  motor,  153 
Dunes,  75*-76 

Dust,  storms,  75,  89*;  volcanic,  81;  germs  on,  108 

Ears,  receive  sounds,  15,  17,  29-30*;  safety  rules 
for,  30;  germs  in,  108 

Earth,  warmed  by  sun,  37-39,  42;  surface  of  changed, 
61-92,  271;  what  surface  of  is  made  of,  62-66; 
rocks  on,  67-69;  water  changes  surface  of,  70-74; 
wind  changes  surface  of,  75-77;  ice  changes  sur- 
face of,  78-80;  volcanoes  build  up,  81-84;  moun- 
tains on,  85-87;  soil  on,  87-92;  distance  from  sun, 
188*,  189,  196,  211;  in  solar  system,  188;  speed  of, 
194-195;  orbit  of,  196,  197*;  axis  of,  196-197,  207; 
compared  to  planets,  198-203,  202*;  and  comets, 
205;  eclipses  seen  from,  207-210;  distance  from 
stars,  210*-212;  age  of,  271,  275;  climate  of,  281- 
282,  291;  living  things  on,  285,  287-289,  291-293 
Echo,  18-19,  203 

Eclipse,  of  moon,  187,  209*;  what  causes,  207-210; 
of  sun,  208* 

Edison,  Thomas,  140,  160 

Eggs,  in  flowers,  245,  246,  247;  animals  come  from, 
257*-259,  261-262,  263,  264,  274,  287,  288;  as 
food,  258,  292 

Electric  current,  121-154;  where  comes  from, 
122-126;  for  appliances,  127-129;  insulation  for, 
130-132;  short  circuits  in,  133-135;  control  of, 
136-137;  to  make  heat,  138-139;  for  light,  140-142, 
160;  a magnet,  143-146;  for  a telegraph,  146-149; 
for  a bell,  149-151;  for  a motor,  151-154 
Electromagnet,  142*,  144*- 146*;  for  a telegraph, 
146-149;  in  a bell,  149-150;  in  a motor,  151-154 
Elephants,  young,  260;  of  long  ago,  275,  278 
Elevator,  on  airplanes,  226*-227*,  228 
Energy,  in  sun’s  rays,  37-38,  42,  193;  for  generator, 
125-126;  of  electric  current,  136;  changed  to 
heat,  138-139;  for  light  bulb,  141 
Engine,  Diesel,  126;  airplane,  216,  217,  218,  219- 
220,  224,  225,  227,  229-231,  230*,  233 
Erosion,  60*,  77*,  81,  86,  271;  by  ice,  78;  of  farm 
land,  88*-92,  91* 

Eyes,  light  needed  for  use  of,  157;  glasses  for,  174; 
parts  of,  177-179,  178*;  care  of,  180,  209 
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Farmers,  55,  56,  88-92,  121,  126,  266 
Feathers,  development  of,  275,  287-288,  292 
Fern,  spores  of,  254*,  289;  spore  cases,  256;  treelike, 
272*,  273,  293;  fossil  prints  of,  280,  281 
Filament,  in  light  bulb,  140-141,  160 
Filtering,  water,  113*-114 
Fin,  of  airplane,  226*;  of  fish,  273,  286-287,  291 
Fire,  forms  rocks,  65;  short  circuit  causes,  132,  133; 
light  from,  158-159 

Fish,  make  limestone,  64;  fossil,  85*,  277,  282*,  286, 
287*;  come  from  living  fish,  241,  257;  eggs,  258, 
288;  for  food,  266;  eat  insects,  267;  Age  of,  273, 
274,  275,  276;  development  of,  289,  291,  292 
Flaps,  on  airplane  wings,  236,  238 
Fleas,  carry  germs,  107;  DDT  kills,  116 
Flies,  make  sounds,  14;  carry  germs,  106-107*,  115, 
116;  eggs  of,  261,  263 

Flowers,  parts  of,  242*-244,  248;  from  a cutting, 
250;  bulbs  of,  253;  plants  without,  253-256;  to 
conserve,  267-268;  50  million  years  ago,  275,  289 
Fluorescent  lamp,  141*-142,  160 
Focus,  of  lens,  172,  173,  174,  175;  of  eyes,  178 
Fog,  34*,  35,  44*;  is  danger  to  flying,  236,  237 
Food,  plants  make,  87,  190,  193,  246-248,  266, 
268;  and  diseases,  99,  104,  113;  for  bacteria,  100- 
102;  cells  use,  175;  in  potato,  251;  for  yeast,  254; 
in  eggs,  258;  from  mother,  260-261,  262;  living 
things  need,  263-264;  from  animals,  266-267 
Force,  of  gravity,  41-43,  62,  194;  makes  rock,  64, 
65;  pushes  up  rock,  64,  85-86,  to  break  up  rock, 
67,  69;  of  water,  68,  125;  of  volcano,  82;  of  wind, 
91,  126;  of  magnet,  143-145,  148,  151,  153;  keeps 
earth  in  orbit,  195*-196;  lifts  airplane,  220,  221*, 
222*-224*  229 

Fossil,  278,’  281-284*,  286,  288;  fish,  85*,  277,  282*; 
of  insect,  279*;  prints,  279-280;  mold,  279-280,  of 
plants,  288*,  289 

Frogs,  make  sounds,  12,  13*;  come  from  living 
frogs,  241;  eggs,  258,  262,  263;  tadpoles  of,  264, 
287;  eat  insects,  267;  50  million  years  ago,  275 
Frost,  34,  35;  how  formed,  49,  59* 

Fruit,  growers,  56;  germs  on,  106,  115;  contains 
seeds,  247*,  248;  molds  on,  255 
Fuel,  from  green  plants,  88,  266;  for  generators, 
126;  for  airplanes,  231 
Fungi,  grow  from  spores,  255 
Fuse,  guards  circuits,  133*-135,  134*,  138;  safety 
rules  for  using,  135 

Fuselage,  airplane,  216*,  217,  218,  221,  236 
Galaxy,  212 

Galileo,  160-161;  made  telescope,  176;  saw  Jupi- 
ter and  Saturn,  200-201 

Gas,  sound  travels  through,  16-17;  water  vapor  is 
a,  44;  in  liquid  rock,  81,  82;  chlorine,  114;  germi- 
cide, 117;  for  fuel,  128;  for  light,  141-142,  157, 
159*;  in  sun,  188,  189;  in  stars,  196;  in  comets,  205; 
in  balloons,  216;  from  jet  engine,  230-231 
Gasoline,  engine,  126;  as  fuel  for  airplanes,  219, 
220,  227,  229,  230,  231,  234 


Generators,  powerhouse,  124-126,  125*,  127,  191 
Germs,  in  ears,  30;  make  you  sick,  95-117;  scien- 
tists study,  95-99*,  175;  how  to  grow,  100*- 103; 
in  your  body,  104-107,  108-110;  scientists  fight 
110-112;  spread,  113-117;  in  eyes,  180 
Gills,  of  fish,  273,  286,  288,  291;  of  tadpole,  287 
Glacier,  78*-80,  79*,  291;  life  before,  278 
Glass,  131,  144;  is  transparent,  166,  167,  171;  in  a 
mirror,  168,  169;  for  lenses,  171,  172,  177 
Glider,  218*;  Wright  Bros.,  219 
Grand  Canyon,  73*  282,  283 
Granite,  65* 

Grass,  63,  76,  249,  266;  prevents  erosion,  90-91; 
quack,  251*-252 

Gravity,  force  of,  on  air,  41-43;  on  water,  62,  70;  on 
you,  194;  sun’s,  196;  overcome  by  airplane,  220- 
221,  223,  224,  229 

Great  Lakes,  62,  281 ; made  by  glacier,  79 
Gullies,  made  by  rain,  88*-89,  91* 

Hail,  48,  58* 

Hair,  on  fly’s  legs,  106,  107*;  in  nose,  108;  of  mam- 
moths, 278;  on  mammals,  288 
Halley,  Edmund,  comet  of,  205,  206 
Heat,  from  sun’s  rays,  37-38,  188,  190,  192 ; expands 
air,  41-42;  changes  rocks,  65,  68,  69;  sterilizes, 
100;  to  pasteurize,  115;  from  fuel,  126;  melts 
metal,  134;  electric  current  makes,  138-139;  light 
from,  140-141;  from  fire,  158 
Heater,  electric,  138-139 
Helicopter,  219* 

Herschel,  Sir  William,  discovered  Uranus,  201 
Hibernation,  260-261 

Horses,  serum  from,  111-112*;  early,  275,  276* 

Ice,  47;  once  covered  earth,  62,  291 ; changed  earth’s 
surface,  78-80,  81,  86:  is  danger  to  flying,  236 
Icebergs,  79 
Igneous  rocks,  65,  81 

Influenza,  cause  of,  98;  spread  of,  104,  111 
In-line  engine,  229,  230*,  231 
Insects,  264,  267,  286;  make  sounds,  12,  13-14; 
germs  on,  107;  DDT  kills,  116,  215;  where  come 
from,  241,  257*,  258,  261;  carry  pollen,  244;  of 
long  ago,  274,  278-279* 

Insulators,  131*;  on  wires,  132,  134,  147 
Iris,  in  eye,  178,  179 

Iron,  carries  sounds,  16-17;  broken  by  ice,  68;  is  a 
conductor,  131,  138;  is  magnetic,  143,  144,  145 
Iron,  electric,  127,  128,  136,  138-139* 

Ivy,  cutting,  250* 

Jellyfish,  272,  273,  285,  286 

Jet  propulsion,  for  airplanes,  230-231* 

Jupiter,  188*,  198*,  200,  203 

Katydids,  make  sounds,  14*;  growth  of,  259* 
Kerosene,  lamp,  157,  158-159*,  164;  for  jet  pro- 
pulsion, 230 

Koch,  Robert,  97*-98 
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Lamp,  carbon,  140*,  160;  tungsten,  140*,  141,  160; 
neon,  141*;  fluorescent,  141*-142,  160;  gas,  157, 
159*;  kerosene,  157,  158-159*;  oil,  158*,  159* 
Landing  gear,  kinds  of,  217,  236 
Larvae,  from  eggs,  258,  262* 

Lava,  83,  84,  158 

Leaves,  190,  248,  250,  268,  292;  from  new  plants, 
252*;  dinosaurs  ate,  274;  prints  of,  279-280 
Leeuwenhoek,  Anton  van,  96*,  97,  175 
Lenses,  96,  171-174;  reading  glass,  175;  telescope, 
176;  in  field  glasses,  177*;  in  eyes,  178 
Lice,  spread  germs,  107;  DDT  kills,  116 
Lift,  is  upward  force,  223,  228,  236 
Light,  electric,  136,  140*-142;  how  we  use,  157-184; 
where  we  get,  157-160;  how  travels,  160-163,  211; 
helps  us  see  things,  164-167;  mirrors  reflect,  168- 
171;  lenses  bend,  171-174;  and  eyes,  178-180;  and 
color,  181-184;  of  moon,  187;  from  sun,  188,  190, 
192,  208;  of  stars,  192,  196;  from  comets,  206;  on 
airplanes,  236-237,  238 
Light-year,  211,  212* 

Lilies,  parts  of,  243;  bulbs  of,  252 
Limestone,  64*,  277;  layers  of,  65;  caves  form  in, 
73;  fossil  prints  in,  280 

Liquids,  carry  sounds,  17;  change  to  gases,  44; 

rocks  change  to,  65,  81,  83;  in  in-line  engine,  229 
Living  things,  make  sounds,  12-14;  need  sun,  193; 
on  Mars,  199;  new,  241-268;  come  from  living 
cells,  245,  257-259;  earth  not  overrun  with,  263; 
why  we  conserve,  266-268;  history  of,  271-293 
Lungs,  germs  in,  108;  of  early  fish,  273,  286,  287, 
291;  of  tadpole,  287;  animals  with,  288 

Magnet,  made  by  electric  current,  143-146;  in 
telegraph,  148;  poles  of,  152 
Magnetic  compass,  225,  237 
Malaria,  98,  101*;  mosquitoes  carry,  107,  116 
Mammals,  257,  259,  260;  Age  of,  275,  276;  fossil, 
280;  development  of,  288,  289,  292 
Mammoths,  278,  279*,  292-293 
Marble,  65* 

Mars,  198*,  199-200,  203,  204 
Measles,  cause  of,  98;  quarantine  for,  116-117 
Mercury,  in  fluorescent  lamp,  142,  160 
Mercury,  the  planet,  198,  202*,  203 
Metals,  carry  sounds,  17;  worn  by  sand,  76;  in  a 
dry  cell,  122;  in  fuse,  133,  134,  138;  tungsten,  141, 
160;  mercury,  142;  reflect  light,  164 
Metamorphic  rocks,  65 

Microscope,  96,  157,  175*;  snowflakes  under,  48*- 
49;  sour  milk  under,  97;  silkworms  studied  under, 
97;  virus  under,  99;  bacteria  under,  101*;  pollen 
under,  243,  244*,  245;  cells  seen  with,  245-246, 
257;  yeast  under,  254*;  mold  under,  254-255 
Milk,  made  into  cheese,  96;  sour,  97;  bacteria  in, 
101,  105-106,  113;  pure,  114-115;  from  mother, 
259,  260,  261 

Minerals,  in  rocks,  65;  in  soil,  87 

Mirror,  157,  164-165,  168-171;  telescope,  176,  177 

Mississippi  River,  62;  moves  soil,  71* 


Mold,  fossil,  279-280* 

Mold,  plants,  98,  101;  produces  penicillin,  112; 
bread,  254*-255 
Monoplanes,  217,  233 

Moon,  175;  eclipse  of,  187,  207,  209-210;  orbit  of, 
188,  196;  distance  to,  194,  203;  other  planets  have, 
199-203;  causes  eclipse  of  sun,  207-209 
Moraine,  80* 

Morse  code,  148 
Morse,  Samuel  F.  B.,  146 
Mosquito,  malaria,  107;  to  kill,  116 
Moss,  from  spores,  254,  256*,  289 
Moth,  larva,  258,  262;  eggs,  261-262 
Motor,  electric,  137,  151*-154 
Mountains,  61,  62*,  63;  broken  by  freezing,  69; 
eroded,  81,  86,  88;  volcanic,  82-83;  making  of,  85- 
87*,  86*;  millions  of  years  ago,  273,  282 
Mount  Palomar,  telescope  on,  176*-177 
Mumps,  cause  of,  98-99;  quarantine  for,  116-117 
Muscles,  in  voice  box,  23;  germs  in,  108;  of  eyes, 
178-179;  in  animal  bodies,  285 
Mushroom,  from  spores,  254,  255*,  256,  273 
Musical  instruments,  9-10,  20-23,  24-29;  drum, 
15*;  violin,  21*,  25*;  harp,  22*;  flute,  26*;  saxo- 
phone, 27*;  xylophone,  27*;  trombone,  28* 
Muskrats,  and  young,  260* 

Nasturtium,  248* 

Neon,  for  light,  141* 

Neptune,  199*  201,  203* 

Nerves,  29;  germs  in,  108;  in  eyes,  178-179 
Newton,  Sir  Isaac,  made  a telescope,  176 
Nose,  care  of,  30;  germs  in,  104,  105,  108 

Ocean,  62,  71;  rock  formed  in,  63*-64,  85 
Oil,  for  fuel,  126;  for  light,  158*,  159*;  energy  in, 
193;  in  airplane  engine,  225,  234;  from  ferns,  273 
Onion,  skin,  246*;  bulb,  252* 

Opaque  materials,  166-167*,  169 
Opossums,  and  young,  260* 

Orbit,  196,  197*,  201,  202,  205 
Orchestra,  10*,  20,  24*,  28 
Orion,  210*,  211,  212 

Oxygen,  helps  kill  germs,  114;  to  burn  fuel,  230 

Paricutin,  81,  82*;  dust  from,  83* 

Pasteurize,  milk,  115 
Pasteur,  Louis,  96-98,  97*,  115 
Penicillin,  112 
Perennials,  248-249,  265 
Periscope,  170-171* 

Petal,  242*,  243 
Petri  dishes,  100* 

Pilot,  of  glider,  218;  guides  airplane,  225-228,  233- 
234*,  235-238;  automatic,  236 
Pistil,  242*,  243,  244;  eggs  in,  245,  246 

Planetoids,  197* 

Planets,  175,  206;  earth  is  one  of  the,  188;  in  solar 
system,  194-197;  what  we  know  about,  198-204; 
size  of,  202*;  distance  to,  211;  stars  may  have,  212 
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Plants,  decayed,  66,  74;  break  up  rocks,  69;  fossils, 
85,  277-281,  288*;  living  things  need,  87-88;  need 
rich  soil,  89;  need  water,  90;  prevent  erosion,  90- 
91*,  germs  are,  95;  yeast,  96-97,  98;  mold,  98,  112; 
oil  from,  158;  need  sun,  190,  191,  193;  on  Mars, 
200;  sprayed,  ^15;  come  from  other  plants,  241- 
256;  earth  not  overrun  with,  263-265;  how  we 
conserve,  266-268;  of  long  ago,  271-276,  281-284; 
changes  in,  285-289,  291-293 
Pluto,  201-202,  203,  210-211 
Pneumonia,  germs,  108;  sulfa  for,  112 
Poisons,  made  by  germs,  109;  DDT,  116 
Polaris,  211*-212 

Poles,  of  magnets,  152-153;  of  earth,  78,  79,  196 
PoUen,  243,  244*,  245*,  246 
Potato,  is  a stem,  251;  eyes,  251* 

Powerhouse,  121,  124-125*,  128,  191 
Prism,  181*-182 

Propeller,  216*,  217,  218,  221,  224,  227,  233,  236; 
on  Wright  plane,  219,  229;  shaft,  230;  blast,  232 
Puffballs,  from  spores,  255,  256 
Pupil,  of  eye,  178,  179 


uarantine,  95*,  117 


Radar,  to  the  moon,  203,  204* 

Radial  engine,  230*,  231 

Radio,  used  by  Weather  Bureau,  52*,  53*;  in  air- 
plane, 233,  235,  236;  beam,  237 
Rain,  34,  35*,  36,  69;  is  water  from  air,  48;  amount 
of  measured,  51*,  52;  forecast,  54;  causes  erosion, 
70,  71,  88* 

Rainbow,  cause  of,  182-183 
Rain,  gauge,  51* 

Reptiles,  257;  eggs  of,  258;  Age  of,  274-275*,  276; 
50  million  years  ago,  275;  fossil,  280,  281,  287; 
development  of,  287*,  288,  289,  292 
Retina,  178 
Rigel,  210*,  212 

Rivers,  61,  62;  carry  soil,  63,  71-72;  run  downhill, 
70;  beds  of,  71;  floods  of,  72;  canyon  of,  73,  283 
Rocks,  38,  60*,  61;  kinds  of,  63-66,  64*,  65*;  are 
broken  up,  67*-69*,  78,  88;  eroded,  72,  73-74, 
76-77*,  89;  carried  by  glaciers,  79-80;  volcanic, 
81-84;  forced  up,  85-86,  271,  283*;  layers  of,  273, 
286-287;  fossils  in,  277-280,  282 
Roots,  248,  250,  256,  292;  from  runner,  251;  plants 
grow  from,  252;  cuttings  of,  252;  from  bulb,  253; 
take  in  food  and  water,  264 
tudder,  of  airplane,  226*-227*,  228 
Runners,  250*,  251 


Safety  rules,  for  ears,  30;  for  electrical  appliances, 
129;  for  electric  wires,  132;  for  fuses,  135;  for 
switches,  137;  for  heaters,  139;  for  eyes,  180 
Sand,  in  sandstone,  63-64;  in  soil,  66;  dunes,  75*- 
76;  grains,  76*;  wears  away  rock,  76-77;  carried 
by  water,  81,  282 
Sandstone,  63-64*,  65,  277 
Saturn,  188*,  199*,  200-201,  203 


Scales,  fish,  273;  material  in,  287-288 
Scarlet  fever,  106;  quarantine  for,  116-117 
Sea,  animals  in,  64;  dunes  formed  by,  75;  once 
covered  North  America,  272*,  273,  281,  291 

Seaplane,  217 

Seaweed,  from  spores,  254,  256 
Sedimentary  rocks,  64,  65,  283*;  fossils  in,  85,  277, 
279,  283 

Seed,  grows  on  rocks,  69;  flower  makes,  242-244, 
250,  253,  256,  263*,  268;  made  from  egg  cell,  246*, 
247;  coat,  246,  247;  spores  unlike,  254,  255,  256, 
276;  cycad  first  to  have,  273;  50  million  years 
ago,  276,  289;  blown  by  wind,  292 
Sepal,  242*,  243 

Serum,  contains  antitoxin,  111-112 
Shale,  64*,  277;  slate  from,  65;  fossils  in,  280 
Short  circuits,  130*-132,  133-135 
Sirius,  210*  211 

Skin,  germs  on,  104,  108;  of  mammoths,  278;  of 
amphibians,  287,  292 

Sky,  condition  of,  36,  39,  43-47,  48,  52,  53;  what 
you  see  in  the,  188,  190,  205,  212 
Slate,  formed  from  shale,  65* 

Sleeping  sickness,  98 
Sleet,  48,  58* 

Smallpox,  caused  by  virus,  98;  vaccination  against, 
110-111;  quarantine  for,  116-117 
Snakes,  259,  288;  eggs  of,  263;  of  long  ago,  275 
Snow,  34*,  35,  68;  flakes,  48*,  49;  fall  measured, 
52;  causes  erosion,  70 

Soil,  38,  63,  66;  wind  carries,  61,  75-77,  81;  rocks 
change  to,  69;  carried  by  water,  70*,  71-72,  81, 
282;  compounds  in  dissolve,  74;  moved  by  gla- 
ciers, 78-80;  volcanic,  83-84;  how  we  conserve, 
87-92;  plants  grow  in,  247,  250,  251,  256 
Solar  system,  188,  189,  194-197 
Solids,  carry  sounds,  17;  from  water  vapor,  48-49; 
melted  inside  earth,  65,  81;  in  comets,  205 
Sound,  9-30;  made  by  vibrating,  10-12;  living 
things  make,  12-14;  travels,  15-17,  157,  161;  how 
we  control,  18-19;  of  musical  instruments,  20-22, 
24-28;  of  voices,  22-23;  how  you  hear,  29-30 
Sounder,  for  telegraph,  147-149 
Sound  waves,  15,  18-19,  29-30;  echo,  203 
Spiders,  285;  eggs  of,  257* 

Sponges,  285;  of  long  ago,  272,  273,  286 
Spore  cases,  254*,  255,  256 

Spores,  mold,  254*-255;  mushroom,  255*-256;  fern, 
256*;  billions  made,  263;  of  early  plants,  273,  276, 
289;  carried  by  wind,  292 
Stabilizer,  on  airplane,  226 
Stamens,  242*,  243,  244 

Stars,  seen  through  telescopes,  175,  188;  sun  is  one 
of  the,  188,  189;  give  lignt,  190,  192,  196;  evening 
and  morning,  198,  200;  movement  of,  200*-201*; 
distance  to  the,  210*,  211-212;  size  of,  212 
Steam,  45;  volcanic,  81,  82;  energy  of,  126,  191 
Steel,  17;  is  magnetic,  143,  144,  145,  147 
Stem,  248,  256,  268;  for  cutting,  250;  runner,  251; 
underground,  251-252;  from  bulb,  253 
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Sterilize,  heat  will,  100,  117* 

Stickleback,  protects  young,  262* 

Stigma,  243,  244;  pollen  sticks  to,  245 
Storage  battery,  124,  137 
Stratus  clouds,  46*-47 
Strawberry  plant,  runners,  250-251 
Streams,  61,  62;  carry  soil,  70-71;  stones  in,  72; 
from  glaciers,  79;  erode  hillsides,  89,  90 
Sulfa,  112 

Sulphuric  acid,  for  a wet  cell,  123* 

Sun,  heat  from,  37-39,  38*,  42,  68,  188*,  287,  292: 
light  from  measured,  52;  kills  germs,  114;  light 
from,  157,  161,  162,  164,  166,  180,  188,  196,  206; 
color  in  light,  181-184;  is  ball  of  gases,  188;  is  a 
star,  189,  211;  helps  us,  189-193,  plants  need,  191*, 
248,  263,  264;  planets  travel  around,  194*- 197*, 
198-203;  comets  travel  around,  205-206*;  eclipse 
of,  207-209;  distance  from,  210-212 
Swamps,  61,  293;  fossils  in,  278 

Tachometer,  225* 

Tar  pits,  in  California,  278* 

Teeth,  13,  260;  of  early  birds,  275,  287 
Telegraph,  146-149,  147*,  148* 

Telescope,  157,  176*;  of  Galileo,  176;  stars  seen 
with,  188,  212;  planets  seen  with,  197,  198-202 
Temperature,  of  air,  35-36,  51,  53,  236;  changes, 
36-39,  42-43,  46;  freezing,  48-49;  in  airplane 
engine,  225,  227;  of  earth  has  changed,  291 
Throat,  vibrates,  12;  of  bird,  13;  germs  in,  108 
Toads,  241,  258;  eggs  of,  262,  263;  tadpoles  of,  264, 
287;  eat  insects,  267;  50  million  years  ago,  275 
Toasters,  127,  133;  cord  of,  128*;  switch  for,  136; 
heating  element  in,  138,  139* 

Toxins,  109-110,  110-111 
Transformer,  controls  current,  137 
Translucent  materials,  166,  167* 

Transparent  materials,  166,  167*,  171,  172,  178 
Trees,  69*,  76,  215;  prevent  erosion,  91-92;  flowers 
of,  243;  age  of,  248,  265*;  provide  food,  266;  of 
350  million  years  ago,  272*;  cycad,  273;  fossil,  284 
Tuberculosis,  98,  108;  spread  of,  104,  106,  115 
Tulips,  242*,  249;  bulbs  of,  252 
Tungsten,  in  light  bulb,  141,  160 
Tuning  fork,  makes  sound,  9,  10,  11*,  12,  22-23; 
makes  air  vibrate,  15,  16 
Turbine,  runs  generator,  125*-126 
Turtle,  eggs,  258,  263;  of  long  ago,  274,  275 
Typhoid  fever,  98*;  germs  in  water,  105;  spread  of, 
106;  vaccination  for,  111 
Typhus,  95,  107;  vaccine  for,  111 

Uranus,  199*,  201,  203 

Vaccination,  110,  111* 

Vaccine,  111,  112 
Valleys,  61,  63,  72*-73* 

Vegetables,  growers  of,  56;  germs  on,  106,  115; 
mold  on,  255 

Venus,  188*,  198*-199,  200,  202,  203 
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Vibrate,  meaning  of,  11-12;  vocal  cords,  12-13, 
sounds  make  air,  15,  18,  23;  strings  of  musical 
instruments,  20-23,  24-26 
Virus,  99 

Vitamin  D,  lack  of  causes  rickets,  99 
Vocal  cords,  12*-13,  15,  22,^23 
Voice,  12,  box,  12*,  23;  guided  by  megaphone,  18*; 
changes  in,  22,  23 

Volcanoes,  build  up  earth’s  surface,  81-84,  85;  ash, 
83*;  fire  from,  158 

Water,  96,  164-165,  166;  sound  travels  through, 
16-17;  warmed  by  sun,  38-39;  forms  clouds,  44-47; 
condenses  from  air,  48-49,  53;  on  earth’s  surface, 
62-63,  272,  281;  helps  make  rocks,  64-65,  283; 
freezing  expands,  68-69,  78;  changes  earth’s  sur- 
face, 70*-74,  77,  81;  erosion  by,  76,  86,  89-91; 
from  glaciers,  79,  291;  from  volcanic  steam,  82; 
plants  need,  87,  263,  264;  impure,  105,  113*-114*; 
for  a wet  cell,  123;  power  for  generators,  125-126; 
on  Mercury,  198;  on  Mars,  199;  early  things 
lived  in,  272,  274,  276,  284,  286-287;  salt,  281-282 
Water  vapor,  44,  51*;  condenses,  45-47,  48-49 
Weather,  33-57,  meaning  of,  34-36;  changes  tem- 
perature, 36-39;  windy,  40-43;  cloudy,  43-47; 
water  and,  48-49;  forecasts,  50*-57;  breaks  up 
rocks,  67;  millions  of  years  ago,  79,  272,  273; 
danger  to  flying,  234;  climate  is,  281 
Weather  Bureau,  50-55;  helps  us,  55-57 
Weather  map,  53-54*,  56* 

Weeds,  251-252 
Wet  cell,  123*-124 

Wheel,  turbine  is  a,  125;  of  motor,  153-154;  on 
airplane,  217,  228,  236,  238 
Whooping  cough,  99*;  quarantine  for,  116-117 
Wick,  in  lamps,  158-159 

Wind,  34,  35,  36,  40*-43;  causes  temperature  change, 
39;  studied  by  Weather  Bureau,  51-53,  52*; 
studied  by  pilots,  57;  blows  soil,  61,  81,  89*-91, 
carries  seeds,  69,  292;  changes  earth’s  surface, 
75-77,  78,  84,  86;  carries  volcanic  ash,  82;  energy 
in,  126,  193;  helps  airplanes,  220,  227,  228,  235; 
carries  pollen,  244;  carries  spores,  292 
Wings,  airplane,  216*,  217,  221-223,  222*,  226- 
228,  236,  238;  insect,  258;  of  reptiles,  275* 

Wire,  carries  current,  121,  124-125,  128;  insulated, 
130-132,  134;  safety  rules  for  using,  132;  iron  and 
copper,  138;  glows  when  hot,  140;  in  light  bulb, 
141;  telegraph,  146-148;  in  bell,  149 
Wood,  carries  sounds,  16-17;  worn  by  sand,  76; 
from  plants,  88,  266;  in  airplanes,  216 
Wright,  Orville  and  Wilbur,  219-220,  229 

Yeast,  96-97,  98,  253,  289;  buds,  254*;  cake,  254, 
multiplies,  256,  263 
Yellow  fever,  carried  by  mosquito,  107 
Yerkes  Observatory,  telescope,  176 
Yolk,  of  egg,  257-258 

Zinc,  in  dry  cell,  122*;  in  wet  cell,  123* 
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